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[57] Abstract: 




PROBLEM TO BE SOLVED: To obtain an improved automatic management device for 
multiple administration of medicines to a patient which confines the administration 
to the patient just once during a treatment period and maintains the medicine level 
in the patient during this time at the minimum level necessary for maintaining the 
effective threshold thereof. 

SOLUTION: The microdelivery device is so formed as to have one compartment 
containing one kind of the medicine in such a manner that the plural doses of the 
medicine are held in the device. The microdelivery device selectively actuates the 
compartment so as to selectively release the dose of the medicine for the purpose 
of providing an effective medication pattern. A microprocessor which is 
preprogrammed with a desired administration standard and timing circuit are used 
for the microdelivery device for the purpose of administrating the medicine 
according to the medication standard. The microdelivery device may be so programmed 
as to execute the release of the medicine at a desired point of time in order to 
maintain the effective level of the medicine and to minimize the amount of the 
medicine which must be used. 
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[M#S 2 ] WASPS, W<ttHI«)3V/<-h 
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y f — Sr^t? 6 fE*©gfBo 
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16] $ tffi#tfig»-f-5 I Vir 
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tl«©|©ffl©*-©fi*-&*L. H <9 ©«&«© = >- 
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2 1 ] U'P ft < i 

t> 1 a©H^J©^/iSi*:^5rt-5f»**18lB*og 
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JUT & So 

[0 0 0 2] 
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5 , ffl* ©S^*i ^-^ 5 >-^l«i¥©gffM©»^*-e* 

[0 0 0 3] 

tt. M»^©»ti^**Ai-*t1-5^JtJ:oT^B-r 
5 n b i>m^m^L< , * fc UiLtf&g-C&S - t ii 

g|5*^A©S#^^^tiSo ^^xb©*^4.Sr^*4 

»Jt LTffffl1-5^J©«^u(iL(«Tfcti5o i 
©«t 5ft^£fe©fSiJ«I^iiJt-r5/-c*tCttiif , *SiJ 

#««*(c»»Lft(m}iftbftv\ 
^tb/cft e, mm\mmnmkft&wm&itxim. 

[0 0 0 4] ?A^ft^t, /tt^^Stftfe^^** 

V^T«©S^t®^ fttJgff^E* Lftttlxtift b ft 
v\ ^©i^^ttlfetltSffltlf^f)^ St? 
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fc&ftfclSW 750mg ©ffl*fc-SrfS#3bHte&fco 

[0005] g l ^#M-r^!i\ &BfflfiB©#-Slfc:Wfl 
nTfsftlUM©«v«w<^ 10 ttii^, waHtf 20 

lOtt 3,750 mg Xh^O, fflV^ftfcJg#J©^&Hfl[ i 
9 />£ < 1 1 4 ~ 5 ffifflSV^*SrS*-t-5*»J u^/u-C 

[0 0 0 6] 30ffl©iSfflfi£±5ffi©|!gjSJi-ifci*Ri£ 
giiflMc 30 T?fi^Snfc±*«»fcffiH-r5»ilBIrt^ 

[0007] EU©M-e», ^©fr^ffi^itWrtK 
$ ft 5 MM «»90 0 Mft £k ± K3**P $ ti 5 o 

m ttWSb-eab o < rojrt^K*? «fc tf#£iWR*SJ 
[0008] me>©rassrjEM-r5fc*^#<©tt* 

*Wmt 5 * <oWmm~-<oW& #SI? $ fix V ^ 
5„ roi5*^V^©«tbrH:, *S#fFSI 4,5 
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e> , r. ft e> ©yv^-f * ttftffl ^sito < fc 
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[0 0 0 9] 

[0 0 10] #3BlJ3©fti©BttB:, j£>t£ft5liSJ©ft 

[0011] #3&91©££>fc:te©iftj»:, fi^ftSU 

[0 0 12] #3&BH©£ fctflfcroiKjtt, ifclfcft/hS 
X\ ffiv^T^-BTIi>SJ:5t+^**SllSr 

[0013] *isw©$e>tflb©B6<]tt, ^fin^s 

[0 0 14] *»Wo*fetfliOBttH:, fflJb»s**«J 

i^mtemm?mxtktii£}imwzmi&-r % r t ^& 

[0 0 15] *38H<oSfoKtt©B»H:, (fc 

tfi&mfc. £<oxikm£tiz>-'<^*mz.£o rftg $ 

[ooi6] #»H©ttan«ifcB«jfcH\ ^gffwt, i 
M^tz\mmiz.£V)imTz>^btf»imx\ t 

[0 0 17] 

^tt^^ofcft© @ «1±, *-*ffl© S 

«*$*i5S*©*as««jn*iv^T3ia$ns. -©» 
lmvm^mu mm/* n^m # 

* 5. r ©m^««^«/J^ii^^ ^ A tt»J© wr 

[0018] *^««»]viiiiv^x 4 L < ft 

s^r^aKo ©j£#^ffla*g#t 

ffl*fcfi2fi£JlJi©M*a!I5tS?ra^Sr^-fS. -T^fc 
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[0019] ^znmm {ww^t^-mm <oms 
mi^m?£%mim±r, ^mm^mm-i. mm (*» 

(AS I C) SrSM-f 5„ Lfc^ot, {@*©^7v 
^©ftttJ©*^ 5 Vf/<9~VX^ 94 5 ^©»g^ 
^^•Vl^-^-lCio-CftSSnSAS I CSCioT 
SAWS ft 5 0 K^STO, «$t£i:l4W«& 

< , mmm^mcm'smc^^z z tarns ?>. 
[0020] *mw<D-mm\c£Mt, mmmumm- 

*>5A/, *#M^lf©«*#(mS[K©J; 5fc, #3BH 
ttttS©*^©»l#J««©ffiT^L<igffl£ft5o 
£#J # * ©Hffl ©IBfl ©*» SHfifiA TOST-f 5 M f at 

it t i *©asaj©*&*©3is^©w&BSiSEi 
±\cm<<D\c-H^ia<Dmi<Dm<ommtitt±m<omi 

©*tJJSUBfi&j!fcttJi-So «-S8itW(S=:©sew*SSK-*- 
*tc|t»-J-5rtlcJ;oT0faoa*Sra<a-J-5. r© 

smsur 7v -<j-\m3zm>& ± tfs«i&ft/M8©as 

SiJ^*BL-CK^^©^tt^#1-5fc©-efe5„ 

t »-*s itF«-©^j»#,©^j^^©^ 
si^j©»0©s*^^r©^j©Bfjf©e*t 

% L< «^-©^J©^©»:[aI©S^#ft$^2>„ 
[0021] #*^©ffi©li«tS£j;fttt, 

fctt2*oin^j&, 4»s< 1 1 1 s©n#j^rft^© 

^J©ji*J*Sr»«it3acA-f-5 - t * < #^PH6W_k© 

[0 0 2 2] *f^©£ b(^©ffi«l-J;ft«\ 
fcttfc/hgg^irAW:, «»fa©£&33t3J&»}££ 

tifcwiw*, ^©nuw^u^^ 5 ^yxmm-rztc 

jf£fci4«££«#J£J:M©J; 5 (cg^3g£*5r 

t ^"itET-fe u , */-cft©*»/-c 1 7Limm<Dj$nm\ 
m-rzx^^zim-rzzt-btzz. mmmmm 

&»im\c-t6o r®±54f^xit »*>©H*-rs 
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©*fcffiH$-frTi££-f-5;:ias-c£5 0 -ffcfc*., fc 

llII©&l6i;:J;oT^£ft5llj«©I;£\ 
A©«SS*5 1 < fc-««j3Sfc t >Lfci**fcf*K©.fc 5 ft 

(cjSi^ *lc*sJ:Ut4E-4fctt^A©J8Sb^*>*t)- 

[0 0 2 4] ##W©£ kfctti©ji«fc ±fttf, *M« 

«»Jv£>i>^:rAH:, fc h3o£lM*ffi©Jlft5* 

fciill 2S©^t)©{tffl{-, tiiboffiE^ffioffi 
lSl*sJ;05»J^ffl©*^^»**ix5»e-C&5. 
®8ti; i ft ii\ Sla*ttfcj«/h3i« ^ a «s-© 

n - nrnm t mmm-r s irattas & 

5t®fc>ft5^/v£tT^iST$*5„ o^T\ S5~© 

#^as4^-c©aii*sff fcfta ^ 

ft, »fittft*&*Sji*^b«*©3V7'5-fr>'^a3J: 
imSBS©a^5-©M«l«sS|!»Sft5. 
[0 0 2 5] *S«»^i:Io||B, K^J©W«ffi 
*©«A*s ±l«0B©fc t ?Ltf-»affi«K-e©ffiT^ 

©ad- • ©^i © w i -. i-zm-t s fc * k 
^©mffl©H-©ffl*^scmt-5„ 

[0 0 2 6] «a*«»J^«^^xAii+^/h$ 
XmZtiZ1>\ *fci4*ffli©*^i4 2etL<(4^ft 

ft5o 

[0 0 2 7] *S§BJ3©£&}Ctt©fi«T-tt, 
IS/hiSi^^ASr, 3>'/'«-h^>'hrtWTf©2** 
fcf4^fti^_h©^Jdzl^'f-5^\ *fctta^B^tct3V^ 

rs=t^f uffl $ ft s 2 a©msi©gfM©^5 

1" 5 © fcttffl $ ft S o *-© ^ b * > V (*1 m 

^j^fts 2«©^ji4, sv^tffijgteKffls^-rsi 

5 £ ft 5 tf\ * fc tt 2 a©*SJ © iSiS HI c -e 
f@© n y/N- h t< > h Biaffl $ ft 5 (iii 
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[0 0 2 8] &._k<DtS£Xm<DjZ%W<DBm. #^*3<t 
[0 0 2 9] 

zmn-t zfcfr Kvm -eta «fi««»hSit x 
A^^wtc ioo ati^t^s. 

/Nljiv^xA 100 fctt^9*J>? 104 fc&^u t 
©ftgRWiitftfl©^^- M V M08 riSffMSftT 
v^S„ a^vs-M^h 108 \ttti?ti±.n$aa*H io 
8a £#L, *©±#fctt^*fcttSteT»Tilfc**y 

-f 112 ^|H»^H5„ 112 nmm^m^xi 

t L < i± 2 £l±0«ffi!iS«iai $ n 5 i -3 fc/> ? v>>- ^10 
4}cft*$*S*\ *fcfi«M©fflii lie #*©??» 

-f 112 jJSRK i5t^ja-CtS. 

[0 0 3 0] H2{^-fi5^, 108 

108©-^©Si£&J|Xtt a >"/-?- MVh 120 aSR* 
£ft£o Ria^-h^yh 120 (i** 124, W 
^P^Ptyt- 128, /ttxti#^fflji[Rlit*«lHlS§ 

(AS I C) *5i^-Y 5 132 raiRWicffiffi 

$^5„ ^Sl^HIS 132 |JStL<ia»>V 
— tf»e>fl*/££;h<3, I^-^-^-Soit^TVx-f 136 

iJJfiiftS*L-CtJ:V\ 124, v^^n/nt^f 

- 128, #J5.y->f®& 132 SoiU?Wv'- /^/7V 
7~r 136 (JlttSftfc*^) f±S« 140©_hiC««$ 

mm ho h 120 *>£t«i© 

108 ©ft$|5^fig-r-5„ 
[0031] #=3 y^— l-^yh 108 \ctt y m 2 Air 

^-ms&i#as 150 &smatiz Q mm Am 150 » 

±*PSP^ 154 *5±05EIHSrfiy*1-5fc»©«lS5 150 

K 158 ^E*$tiS„ 150 ©_h 

*1PSP 154 ttffl3-f-5 3W«-hy^b©H|Pffl5 10 

8a izmmttmtsn&o mmnAmix mmmm^^ 

vim, ^s^fctA.fJftfffc-.t^u-A, ttz^h 
[0032] mmmAmim®, ^mmx^m^s 

S©S^&fi*^B#fFf| 5, 167,625m^MM£tlX 



[0 0 3 3] ISSsf 140 _h©#3 y/^— h ^ >" h 10 
*. P> f f-ftvfr h £. C 5 fWcj&S L T j£ A $ 

K—xtm 162 jiSBjt*n*. ^©ft 

So EiJ&tLT, ##tt©f&£.kAW»t-J;oT£j&£ 
IMStS^^-h^^F 108 t^?t£* 
TtiV\ a^-h^VF 108 tftf*^3t'/i-r5 

mttttt^-tzmmAm 150 ^ji^icjf l± 
if, o^-emm&Am 150 

^Ir^fty^ 112 fcft«"C?PUhtf, 

*b, m»tA*^^l5LT^«^#ffl$ti5o 0 2 

A©13ltAI 150b iiny/^f-^yh 108b 

rv^c-t-^T©^^, -r^t>^ffl^a#Ks^$ 

[0 0 3 4] &!k£M#%£ttW 162 iifc t X.i±*~ h 

h^y b/5^©^J^©^^Scffl^$ blzfcU-t 6 

[0 0 3 5] 128 (g2) }4^^f 

5V^|1IB 132 J»bOi'mta»-C, 

^ r - a 9 31 r *5 «t tj« / * tt y 7 h v r -e 9 4 

-f^n^ntyt- 128 iio^^-r'S?i 124 £^A5^ 

IWB^tr-x 162 L^JB/r? (tr-x 

[0 0 3 6] T-f^n/D-feyf- 128 I4«ffi 124 
166 £fflV^T^A^#:»£fcr-X 162 ta^te 
^^o«Wir»|g1-5«S;T:«ff$tiSo Stt 140 © 

^P^Btyf- 128 !4*MR5(ct>/-coT#*©^ 

«^j©ffli©^m^5i^&tj{cfi«-r a r t 5o 

fcix.it los ©^^tt^-©«: 

t^T-#5 0 -?^^x2-yu±yf— 128 (4®-©SA 

i^Ws^y^- y h^f>©f o 
fcfi^tb^-h© 3 y/s- h^yh ©#»(- i o r^ft-T 
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[0037] ^©£5 n%mmmm^ikws 
^irA 100 tenets imo^mm^i.'o-^nmMmwL 

/hiStv^^-A 100 ©lHIc0iiffiTi**5*5 8*J? 

JbTO t iZWtsfflttf'^ * tio -cteS w*^ 
«T©»3££ C SKKfVW * Lfc IttuHT* 

\ \&m m*s x xi&fcvk # mm &m k m± a mm & 4- ± , 

[0 0 3 8] #&bhh\ &08© i [H©jgffl-e*t)®Jlffl 
ws^ £ °im t i- a =pj js & 5 „ ist/j^a^v^ * 

100 «, H»©ftW^^-^©{M»*rlH*©lt«*fc 
©ffi$JtfS»fifc$;ft,5 0 

[0 0 3 9] btffi©5R|^H:, 
tt»hiSt^^A ioo ^MffiS©S^*IBtei- 

i^ryft 136 idS/^vw&»M*»fcea-e*5«fc 

5l-b7^5:y^- 170as»iftSn5o t-7^5f 
9— 170 ^broS/^^vWi, v^f^DT'Dtyt- 128 

affli-srt^-e#5 0 i «©e^«w«/hiiji^ 

xA(4»«EfIic:S»K©^(±l^M^1-5 i o Kim 

£tl& 0 fc&Ol^Wili/^fA 100 (4^ 
6*^ith7^5y^- 170 di^ft^-tt:^ 
t«ST?f5. 5tLT. fe^S^#tlffl^© 1 0 

iiv^ x -M4««© n © i 5 ft:/-* * -#a* Li/ ^ 
fg^-TSo lB*©i£ffcx>^*©J#fn 

a. 

[0040] aMfttt^tM^itv-^Ati, #< COM 



ICS*. 200 t Ltfl^L, lEAv^R©/^^ 

>-^204 ^^t-sits^flWjt/hasai^^Ajii^sn 

TV^5 0 ^^^^^©rtSPfCtl^*^ iss*— M y h * 
fcti^v^/V 208 doitFSMWffiW^V^/V 212^ 

5o "^v^/V 208*3 iO 5 212 [i^^v 5 ^^ 204 ©*ff 

y^'©±ffi 204a trlBpgRSr^-fS. »e©«^ 

mi$ft 216a 216 tn^wis? 204 © 

_hffi 204a ±fc:gBB£*i, ■^^©Wn8Bfc«5tfS, 
®S^ff*^->^^©rt»^*/<-{C#t^^^7t# 

ffit--t"5o 212 tt^WtHtf-^X-C^S 

[0 0 4 1] /^VWy 204 Iffny/^ 
h^Vh 220 flSft^StK CCtiim* 224, 
P7"nty1f- 228 fctxjf AS I C*3iU«^^$ V 
^"0^232 ^SBfi^^5„ ny/N'-Myh 220 fi-< 
i/^/V 208 *SiUt 212 1S»ffl©^*a#»^ 
t-X 240 236 iCtoT 

^Bt$^S„ H]S§^ 224, 228 *3iV 232 }4@ 2 © 

j* ztitc&^mmKm^^x tr-x 240 

[0 0 4 2] 208 *3it>* 212 ^rtv 

fe©l£a5jfi< tt 0 ^ hy^fcfi^^^^- 244 ifim 

mztiZo -fyv^^- 244 ommmx ffis-rs^ 

44 ttj£*S&#!B£ir-X (*fci4ffi©^fpl¥»^ 
240 ©fgt f fefb!cioTffiyi-r5-<v'^/K*l5rJi7j(- 

208 ©^irjf Uffl$ti5»g-tW:fc*>?>^, 
5^+- 244 Srffifflf 5i^J|H:!fev\ 
[0 0 4 3] T 5 ?^- 244 (4*°y &f& 

04 m^trjtMTts^y-r- (^y*-^' 

ABS, jKy^f/K *fcttffi©*#tt?ft«r 

Mtt * it immmmm) frbimtsfoxhmtz&mx 

[0 0 4 4] m««»J^ii^^xA 200 (4, # 

fto^s/^A' 208 *s.£tf 212 ^S-^-r^f EH©#t» 

OfMfi»T-??i^t't?Jt«ifc5„ fctiil ^-<- 



i^ta 200 umum^MB<D^m^tz\tm<D^m 

[0045] ^mmumiz t%m^xmm%m$-Tz> 
it ft k ii, «t©«ft«««i«/j\eHi^ x a Pamirs 

rttTt5„ fctx.fi* JacobsenibCO*H#fF^5,60 

3,354-5§- (*l&wo«SAtii«$^bfc. ico^lMl-J; 
o T^liftiA £ ft 5 ) (-IE* $ ftTV ^ 
jK^^Jffl-etSo HHUK, ^HWff^, 618,26941- 

£ ft r ^ 5 J±^Pibtt©tt#^t£ fc^Jff 

V* 7- J*tS X t>**H#WfflSB08/434, * ft 

A (M#tt> Jacobsenib) ^A^PJCI J; o T Hffl 

m^fcimm ^mmf^tz.^\mm-r^^b^x% 

[oo46] i4iiti, &mm.<ommt-&&m£&.K. 
« 5 *i»ffi©isa!t i <o urn $ftasm*ifesr* l-c^ 

[0 0 4 7] 304 T'^:b£ft3iR-cD3lfflcDftl»3 

fflfi 300 ^^^©^«(7)/tft^ti(*$ft?)o r-T14 

Jtl-^tftt*^. 2«tL<H:*nK±«)|6fflltlHII* 
S-^cDfcfei^ft/hjiftx^-i' *© l o© 3 >v^- h ? v 

[0 0 4 8] 04 (C^f i 5 1400 rag 

£5 in, r©*tt«ffl-t-5HSJ, ftM%©«*3J:0*lM 
S5±lf5o »30Hftfc, JR-©*££M3iJ 304 © 

304 ©#*ns©»#-eH:)S<, «a««^»/h^a^ 

^fA (B2*ftt±i3) Ht, 312 Tv^LfcS^i^ 
©H^ 310 (DWIii&i'ffl-fSXSK-T'uyy&ttK 

5 0 B 4 Hoo m g ©fsrroSKBlia'N »- 

©3S3fl 304T-« £ ft ft a»o 5 fc ft 

iltt£ft3„ 

[0 0 4 9] 310 &%<DG%)mm 308 fcffi 

TLfc^f, Jg-CDH^J 304 ©W<A-£ 1400 mg \Z. 

*fs-rot-H^«*o»-©iew 304 ^itfca««j 

-f 3ig-©Siffl 304 ©*ttfp-©ffl»*»P>(DSf-(0||| 



V>ftv\ r*bt>#l0M©»z:33j;lf^6ta©iSai 
©feit© feSi/^/VJ T*_h#-f 5 © £ Kit-f 3 © 

tmmmmt5-&my^btfr^z 0 gi 41^-4-45 

(C, KflfflMi^ii, #^J(-OV^T^ 900 mg ©ffift 

^ffli^ft5„ 

[0050] _k$©i. 5i-3©W£«3t£*5::fcf-i. 
19, d>&9©#iJ^ig)££ft3„ SfS-Kfi-gft^B:, « 

»^Srl»±1-5rt-e&5 0 *^*©ftA^»1-5ft 
»^+^*S*B8ffl«±ro/>*< b h 1 «©l*»Si-# 

[0 0 5 1] 5,}cflb©fiJAtt, HgS!lcDK«f 3 

*^^^^©^*«#s^*/h[iit«»-rs r 

S„ E14ir^i-j;5(r, lior^-f^ffliffltioT 

T-^i-5fcftici4, stmmt^, <gm%mmm%M 

ft, 5 # £ «ir $ fc ttj^ffl Bji-ift 9 55 LStmSx'/^ ^ 
ft5o 5 »^-Ktt, i©J;5^ff 

[0 0 5 2] 114 Airi4H4©^"7 7(Cj;i9*^ft5S: 
^ffi^5lffi-SfcftMVNp,ftS^©7D-^^- 
hSr^-To WJSIXS 320 tt»»'-©f f ^ ^©MffllC 

ft«k^H(r«E^$^5fcft!c|inK^LT, 1:?-' Ill 

[0 0 5 3] fg-Ig 324 i±, ^J©*^)ii«^ilx. 
5©ir+^/ f a©H-©^J©|U«fflS^#t-f 5 - t 

i-j;oT3gj*^ft5 0 ^fttiKv^T, fg-onaaa^a 

BS«K±© u^Hrfc 5 Ffl(^-©^J©^»!ffiS^*i 
#t-T3^H©xe 328 d5fTfeft5o 

[0054] hhxs 334 im-^mmiimyocDim 

b ttt&ffiftm ©»«#(- S HJ ©« <9 Xh 5o LiS » L 
[0 0 5 5] 336 |I^Lfti5C, fi^^-^fti^ 

ft^ft ^ftfcfflr^f- 1 ^(4* 6 *^ mmmxz s„ air* 
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A * K im £ ft 5 f5-*J i T>lf§r ©^©llcflcff-f- 

5„ 

[0056] H 4 © ^9 7 K flJg-3o i - ©jUSIflS 

*a«#i?©#y## g en© ± 5 mgfsos*'-* 

* - >- iiMS ©^*i H £r ii C T W MM & Zti h ©WS»H 

m-©m^J4r 1 tin . 

S3l«r2HMIBro'<-^-efT5ii:, *fcf4J;>9*ffli 
fcfflifcfttfcM?^ * tc «t 5 ^©^14 

as *> 5 ffl* «fc •? +$M6v ^ © -cfc »t ft e> * ^. 
[0057] 2mmk<Dm&%m8i-r%w&K.tt.isbK. 

#«© ^ h * >- h tfMfcffl Sftsas, itPEr 

ft s mm & t fc h -r «t ?> usttt k ^ga* & 5 

ria^, ffiv^ft5#^ffl»li*!itkKK]SM-rSi 

[0 0 5 8] 

t>*2A©«^H«W«/h£S>-^A 100 t-EfflL, 

0.as*£mfc t *. ay / i^>^co»p©?cfti^ si« 

* y >-cD^-coffl*^ijffl nrtgft^M * y vw* 
a, *iJffl^i§&^M * y ^© 

£5±5i-^£ft3„ l^tiHc, «^«W«/J^jg-> 
xtA 100 (±^n/vt°y :7**©#&H#^Ji©3(S8l 
t fc h b, l # £ MW&Hffifi* JiKUfH-S © 

tt^/hiStv-^T^ loo ft, ^w^'jyol-c 
ffli^ffi $ ft T 4 MS * n ;v tf y 7 * * ©«*ffl J; 

[0 0 5 9] ^tvvt°y 7*^©^-©ffia^JfcW*Jt 

y >-ro#in»ffll:Sr»WS*5fcJf)^, ^©3£#J£ 

* y * y v©$m*:©fcs?>, gs-© 
^/v^ * y ^fflsttff-t^vy * y ^ffls©-s^t 

$ftSrt{::*5 0 H4tJ;ftti\ ^rco^W^y^ 
fflSttDJaBW^/V^ * y ^ffl *©»65%T-&5„ LfctfS 

i51-^p^7^$ft5„ 

[0 0 6 0] «-*JitWB-©J©W©ssscoa:l||t8fi 



©ai^-M^h 108 *rft^fttf^C&53:-ejfBj$ 
-TSriri-ioT, SSiift!)ft/J>S«->^TA 100 

ftt4^-©^/M * © 3M! J; 9 fTfrft, 

fcfi«=a#ic^Rgtg#©»«^«itgtL, ^ 

^JSrte«14©RS©^tt^&5 ^/v*-/i(^^-r 

ffi**3<t^S2©S#Til, Btt©IS^t^^*g:5ES 
KT©ft ASI^©#« t ^ 5 t 5 

5o «BJ(^J:ft«*H^ffl*^fflv^ft53iS©3i#ic 
!4S#^S©l«fffct^tfA-B-A-B • ■ • , *fc 
IJt«fe5S®|a^ fc t iliA-A-B-A-A-B-A 

-b-b • • ■©£5fc^*£*£>ftfcfflMrt©#£*3! 
©Mfcit^ftA^ft^a^tS/hPMtb, 

«i^^*ti-sstt©fe^^s/hPSK-rs©KM*L 
v^ili^*^^^ ft 5 r t srtga-t-s r t ^as-cfe 

[0 0 6 1 ] El 5 Sri^flg-f ftfl» i5^/J^» 
V ^ ic i 5 SUB S ft 5 ffi©S*ft#© ^ 9 7 $ 
ftTV^So ^-^J©tl«©*-ffl* 400 tt»* 404 
[£«fcoT*£ft3l^Kt'll#t£ft5„ «-©HeW©tD 
ffl©ft'-ffla- 400 1400mg T'fcS.-, ^©Mi^J; 

D, wm±.*1t\ttt r<oZ5*7'V xnimirzm 

Rmmtem-<vmmmzmsoa?$, ^m^^ 408 ei 
[0062] m-<omffl<nMcm*bmi%fimc, &m 

416 -e*i"^-©^© : S]Wffi*4l2 ^rScW^-f 5 0 

SfcWSilSfBZlOSKO 416 ©i% 1400 mg -Cftt), ^ 

n ©m^j©4ta)P«*?ii-ig;T-r 5 c t**U6o 0 w^g-r 

5. #M**SK:-*--5fc«), S-©*ffl©#3»IStf», 
»-©a©W©W3*Bmi 208 tPCfcLT^-To 

©teT * f © m <DM M ©ft ^i-*»J ©*«) Mit * #Jt 

©iit)-efc5„ 

[0 0 6 3] 04 tr*3W tt*4 19 , 
^3i^ft5^J©ii4^-(^»$ft5 0 
H-©^J©U-4/K4 500 mg fcffiTLTV^©T\ 2 
20-T?gH-«t5K H00 mg ©m-©ffl*^#t$^ 5 

t, ?&*KJK*Uffl"5rffift3ii3JB: 1900 mg tc/iS. ^# 

iC, 424 -e*-TJ;5(C^ 1400 mg ffl*©B-©^J© 
$ft5„ 

[0 0 6 4] 85 428 Tif^-f 5 i 5 S~© 

*ffl©mH©nat^-r„ mn©ffift 42s % 1400 mg 

^ftt-i 1 ?^-©^]©*}* 2000 mg %t>-f 

a^a^5tr-^t*rs. 2a©*ffl«, ^-©^j 

iioV^Tfi 432, ©^ffltCOV^Ttt 436 "e^-fJ: 



[0 0 6 5] &«©#&JISfci3»toK:fctt33&flw< 

mmmm^mm^^ a ©mji© wmitxh s «£>n: 
i^i*^*-r5J;5(-»®^ti2»„ iai«fc*=i©s©(!i* 

5o 1-*fc>*>, ®m«««i«/J^jiv-^xA 100 
ft 200 Ht*-ro*sj;T/JISzi©j|KiltSEE©^^-^-C 

^-©^©Mtejsiti-sfc*^ &m\<»m-<r> 

a»Ki, r©^xAttf5-fc£t/|?-©3l#J©Sfr5a: 
«*h£^>*x Affile SlU^g^ti 3 3-1630 

«M\sa^ ^ ^ m:*o«ai^b tiew©-** fc tt Pi 
#© i < mjMjjifc^ri-a ^ v^- m^f asjfcffi s 

sftfiJ: 5 K^p ^5 A1"3 «AB#ffl«& 
©&3i^ AS l^^©iSA©&^#3©i?fS© i/^KC 

[0066] sai^^-y{ci4fc*»5A/ % m-ofim* 

Ktt©l§£f^^tefS!T w^/v^-hiclt^ £ tt 3 © 

[0 0 6 7] t^^gl 5 A^#M1-tiK\ itU-figl 2 & 
57;5^£*VC^3o f'V^tt 504 t^L/cftA 

*«rS*R«t^*JW-t-5fc«)Kffiffl5ix5, » 512 t? 
*£^3^-©36SJ©tMfflir 508 fit 1400 rag T'fe 
9, ^-»^JKo^T©^raWt 514 fi 700 mg X 
&3„ -r*t5^m-»*SJ 508 tt^3O0#(C#3SllHt 

514 i^ffiT-rSo 

[0 0 6 8] AH 516 fc±oTffi^£*l5m-«KI8J 
^i§#t£ft3„ ^©Wfflfflft 520 f*1400 mg Xh <9 , 
S5-©IPJ 516 !4S-©*fflt^C#aP*I 514 
•f 3 0 if-WHIffl 516 ©»ffiM 520 f±*-©S©H 5 
12 ©lUSSMm 508 ©^15 0fJet-*§tt£tL3„ 

[0 0 6 9] ff-©H£lJ 512 ©Jg-©ffii; 524 (4. 30 



--</V 1400 mg Sr*fig-r5fc*©if-©ffi* 524 f4 700 
mgT*fc3„ 

[ 0 0 7 0 ] JKJ45 0 a t % f?-©3£ffl 516 ©Sg~ ©ffi 
* 528 aJSft^JxS^tfcftS. f?-©3£ffl 516 ©fg 
-©fflfi 528 & 700 mg Tfe t> , ^ttt- ± 9 S?-©H 

^j©fijM^"5rtg^/vi4» 1400 mg tm-r 3„ 

[0 0 7 1] H-©H£lJ 512 ©JgH©/BIr 532 (4, 60 
B«K«tt*il5o 60 0 Btt*fc#/E©^A©af© 

«AB#« 504 <Dmm$mMKh^tcz><Dx*%-<Dm 

M 512 ©|RH©ffli 532 t&mmm 508 ir^ID WOO 

m g izmmztiz. m-<nmm 512 ©jsh©/b«cj; 
vm 2100 m g oi/^Mjjis, rwmsiw-^v 

©i:H-iiSi w^©«ABf »t»fe^#^-t-5fegfe*r{£ 

[0072] m-(omm 516 ^©sh©^* 536 

©K^i-tti^^il-am^ti, *©w</W*l& 210 

omg t±#-r3„ ^jowittnm 

itK^-©^J 1400 mg ©^H©ffl* 540 3o<£U? 544 
©g^iriD,^ 2450 mg ii_h#-r5„ 
[0 0 7 3] «AB#fflflfl©^JW</VtM1-fcfe, 
ffllHOVTOJBlOiaai 550 #±1* 554 (4^-^J©^ 
E©&^ 540 *Sitf 544 ^ib»6O0 SrB^Tfi^tV 

5 AK«*1"5 i 5 K#3IKII© U"<^tt30 0 ttK#SlB0% 
(CffiTLTV^o -ftek>h, tcbZ-ttRli. 540 (4800 
g tcfg— ©^J©U^<;P5r 2450 mg }C _h# § * 5 tf\ 
rtbttllOBSi^^ 1225 mg (C, 14O0i(C««J 612 
mg iCflST-TSo m-©**U 512 ©^5:©ffi* 550 ft 
790 mg -Cfcl), »-Oiefil 516 ©fflWffi* 554 t 
^Ct:'fo5 0 W«©«tjlT?f«H* 700 mg 

[0074] -tt£t>h, mnmffimi&'hmm'y^j* 1 

00 Zfzli 200 Srffiffl1"5*ffil4, «ffi#^fij^i5jtg^ 
t^/w£ft A/^ - >- 1 ffi H S *TfflWf 6 - fc Sr 

nrniri-5 n t mnbfrxh&o &m&^m\cz *> , 

#3 h / x h ir^^tism-fe l < »^r©»ij 
©i©fSSo^-e^*^* t^x/t/^^— y-e©3 >-/^— 

b^y b^^©ii3i©#S)tJ;oT]iim-t?§5o 

a©aojg-©**«M!Sffl*fcL-c^s*bt*g', ^© 

^J©#3!)^^/v©»»i±, ^©^©^-©SbJ;^ 
Sfctt, ^-©^i^ffiftL*©^**^©^^®^ 



[0 0 7 5] 0Lh, ^i:br««©»^Ao««iKHL 

^mm\^^mtmmm^mfm^hfn> a 

fctiBl/Mlf/^^ 100 *fcf* 200 B\ EH£ 

do it 5 A ©i&lW©*^ t n«l t fc h t ts it S 
[0076] ^tmetft^igp^wm/h^iix/M^i- 

th^tl 604, 608 *i it? 612 flS»«lt::tl#£*l3. L 
-f 5 £ t ic t£ £ „ ©life i: tfg* £ tbfc 

[0077] **/£9j^fflsri»ik-r5fc», «-©sew 

604 ii&Mffl* 620 T?*l4fcK:0W&3*l3. 

ffl*fc:S<J#, SB-©H#J 604 ©£#w</Wi, 
MI»A©©*>Kllf^fflft«ffii-5i:i:ft<»=«)ieW 6 

08 SriSA-eta^A-KifiTi-s. i-**3*>, «M* 

ttfajgC/H&t^T-A 100 (Bl 2 S3 J; 1^2 A) */ci420 
0 (13) tSB^WPflPBACDcO^^ro^J 608 ©Wffl 
ffl* 624 Ztfc{H-rZ>3:?l l C-7uyyJ»£ftZ>, 

[0078] -i£m&&m^fo\ w,-(om\ eos « 

NFia]ia]PMBW©*,tfE = «|||SJ 612«Mfflffl* 628 CO 
612<bJg-©H#J 604 cDJS-COffl* 632 tfsajASftS 
©^$1 604, 608 33 J; 612 ©5S©$:^{*, ^PJ© 
llv/xfA 100 *fcf* 200 ^^i>itemi-5*-C'« 
[0 0 7 9] *HJ»»(cfH«$ix##©fcfe*A$^a 

*BWfFai5, 603, ;h/0^5B^*««* 

V j&ffc £ Hfc^ft {ciSBe V vn tVls? 774 

Sr-^tP, *n#3ffg5, 603, 354^-tH^$^fc»fi»|3e 

^:/©at&gi£^-r5 0 774 f±M^w 

^JlSfcttBISr^^^y^-e^^^fc^ 712 

*sitns 712 fc#LTB«*ft5rt«&*«a»&jgja 
3E±ssk t> mmic&m-zrc mm? ? * ^ y * t-r&zt 



[0080] ^vwv 774 o— ssttt, fctx.fi9 

f^ja$*tfc#*tti^-h*f«- 720 *SE«$HS. 
W** 720 tt/^v?^ 774 ©^©*ffi£r3£±JtU £ 
SatSoTEf^Ji^lPa 724 fcJ;5Et*0>'>17 

[0081] sap^ h 728 ii±fcm^s- vm* 
720 kbsi-s^s?:^ 774 mcjfmznr^mn 
tmttu »mn?? h 732 hmmi^w^ymc 

36 #£11 740 UZtl^tl, ^ h 728 j3j;U? 732 & 

?Sf*y-^ 744 jsitfjs^^^ 748 tiiis-ra, $ 

Jh*# 752 3o±tF 756 ^Ix^lxW 736 tsitf 74 

o rttes^tb, mmwfty-x 744 

48 tm$^EJ±£*i3^fcf^3„ Sf*y-x 74 

4 f±ffit©?«fty-*ti-5^fc^iiT\ 

f$~>y^ 748 t«fl:Sr^y7 p -CSix5rfc!»a*U 
v\ rco»^fry-x 744 (4«-e&!9, m^y^f 
748 I4«fcfl:&g£-r5j65f-e&5„ fc^6A,KT©^ 

[0082] iifti/^y-t? hS/tiiy°7y^-t- 760 
fi^-bWW 720 roMDgp 724 rt^ESSn, ^^i* 

'>*< bh^frmZ-^Wy? 774 W^§|5rt^M* 
->t7 h 760 iiRff^wWffilEl^^rb, ->t7 

hfiMpgc 724 tmmn^mm^m.^\mw)^^ 

5„ MPgC 724 \mm L< itv-^y h 760 OiB©)g 
IB^T?fi*a*iffiBttO V-/>SrJ^riE LT ^^^^ b » 
^{c/h$<-t-5„ PSn§|5l±#^tt^- hU& 720 rtir 
7 b 760 cojf^l'^-®:1-5 0 

[0 0 8 3] -^7h 760 

k 764 i>mnznz>o 3^/^/^768 n^ws? 

<Dft-%\z.®M.-tZ>*s j r7 V 760 m^ftmmmicmnz 

tL, z-?^/-?— /-?2/ K 764 ^/N^^^^fe^^tt 

[0 0 8 4] /^ty'Jyy 774 C0TIf|5{Ci±^#/^— 772 
%^«$*T, ^r^ifdJfClig^ Mih^ia 776 
772 J:K:»»-5riBK:»«S*, ^-(c»oTta 

**3±tf«*fc»»T?f S±5fci-5. 776 
^\at±y !J a— 780Srffi#tLT, W±^<D^^ 
-Jicofig^r-fr s/ bSfci±H£5ti5 0 776(1 
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rmc, ^y/^?F 764 tmwmmtm$&±<D&. 

60 ^$[jih2?jg«fi:B?rffix.T^>>> ? >'^ 774^<b;S«X 

5- b%V5lt-t&o ^y/^yF 764 ti, 

/<V K 764 fcit^v'-Yy' b 760 tfi^W^-lf 774 

Sfcfel^ fMJtS&E 776 ©TMt-*fffiL?dMT*# 
lh£l±T&5„ miltg§® 776 ©-f?s> F^^P^ 780 
K£S-fey7^y^;i\ ^vV^'774 (DQMU<Dft1$ 
TO-yt7h 760 ©* hP-^L<ti^S*£$:;£ 

[0 0 8 5] 784, tct^av y/^ K*fci4 

^-:?-i4/^v>>-^ 774 ©Wffitriafi^ix, 

^ KIESj^T 788 ^glt^-r i 5 ll/^y^y K 76 

4 ©77l^(-#MLTV^ 0 Igfttttffi 784 fctfaftSiirS 

788 ft/^y/^yF 764 ©^--©^fS&r^b. ^ 
Ht»i^V\ KSoit^v'^^ h 760 £ 

774 CO^lBjtSj^L, ^©fe^, -y t 7F 

84 £fiElh£*3i, i»37 788 784 ft 

st-f/VJtfc^ 768 (4/^/n°-/n° 5/ K 76 
4, Lfc^oTv"-r 7 H 760 &s^WyyfrhfWHa 
y^-^y KASflMJh^jS 776 icSsftfe-f S * $ -ft" 
5 0 iEft«M?f 784 fc&ZKfftKK flnt3-&5i, w 
7 Y 760 torsWyy 774 0>$SSra5rt-e«>ffi*IBHKl# 

[0 0 8 6] raUWff 784 ©{^ftf^ vy^D/ot 

yf— 790, fctiiffi^yy-^-oi^i?^? 

792 IrlfflfSAS I C(cio-C*J»§ 

w^p^Bt?t- 790 ti, mm^mmm 

#:y-* 744 ^iC^*tl5^ffli±, Ktt)«« 784 ©# 
yf- 790 fcioT^fP^tiSJ: 5(-, 74 

i-ftfo^w ^n^n-feyf— 790 commit, 

794 KioTSMISnSMBIS'^A'Tfft 

[0 0 8 7] jftffsfcHBU '>t7F 760 ^Sfe^SS 
^ftt^f^Si^W©^*^ 740 IC^JW 
$lt#># 756 »Ulfryy^ 748 t^A 

$*L5t, mmmmmmzzizx, m# 744 as#jt 
752 %m&LX2am?nz.m»ti5. ->t7F 76 
0 ©ttacffltt^iftRsnsrtici!), «f*y~* 744 

^l^v-^ 748^©«{$©*° ±5jS*WL 



[0 0 8 8] H*M 2 

*«T?f±, H7K:«q«$tlfc^P p 774 ©±5**51 

L< i±ffi©«*60%w/wim«t LT^^fc^S 
*<&I§»J, "VM h 9 y©lftffli 10-200 /1 

-r * s fc a-* = ©^§*s ± xtbukk a tij&t) f-^a $ n s 0 
ipi-^a^^5»fi t/ii) x&zxm 

<©#g\ w.*L<i(mx°hz> 0 fkinm*ttm%, 100 

~1500m1 ©M-XfSSrf-So Jl^ffimtt^ftt/i:©* 
££$«|J© u^£lt3Ifc:a3E*©*6Hfc: 

l^£^©;gfflMirfrfc9iF££;h,5 (>80% 
©3**^jS^M*LV^ ^$F£A©ftA£S!lWJ-f5©K 
* $ ix 5 „ GffiF8m& i. XPT^X ©It 

s. 

[0 0 8 9] H*^J 3 

*W»»l!:(B«Sii3lfflKJ:»)3B;ASnfcH7K:«*<o 

7Ao< ^.B|J»iA»J:U«fjlBJ»iAiiii#«)WW«)fc» 
©*«© g »»ftJBl3faSflK:i8»t 5fiEffi*s J: t^JSffi 

tSfttfc i X.«^ h-^K Dowano 

%w/w©«ftT% -T^/Vt! ^ ^>^i4 1 %w/wOlJf#4 

filaria immitis ©^]di© J; 5 ftW^i.©^^ 
A^y ^^^Sr$>»w<^->^^^AKe*i-5r tic 

^©?7*©3F£&«^fiR£*ii~3 Dirofilaria immit 
is ©^LV^gttl-J: 1 ?, Dirofilaria immitis ©100 

«0!-»9ML^*^©e«it^LT^6<](^-5 



-11- 



[0 0 9 0] 4 

/htf^B: eo mg <oi;^y >-t- h y 9A^t« 

0.6 ml/0^S-r5i5(-^o^vA$tLS„ 
r co^SJ i 4 2 [U co ##Jffl St # TgB # t-t^S fc 

MV&ZX2~6Mm (1-3 0) tt#£*fc^J 



[0 0 9 1] *ttH5 

[Si] 











TP A 




4 ml/£ 


10 mi m. 

—' oliT — 

1 Ml/» 

l WW 


6 ml/4> 
1» 

1 ml/4> 
54£ 

0.33 ml/a 
2R»IH 




1.5 ml/5)- 
10 # 

0.25 ml/# 
12 B$fffl 


0.5 ml/# 
30 » 


0.1 ml/a 
24~-72fl#IW 


0.83 ml/# 



r/roflJiBBc**:, «^»S?&£, IS«a#*5J:tm 

(DmMumm^mmm^mmmcmMxzzftmz 



[0 0 9 2] HJSFJ 6 

ft* t ± 0 Sag $ ti 5 x& tflqst- 5 ^ ^ ^ ««s *> 

»2] 
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mm 

(Epogen — ffiM) 



■7 4 }V7=77.<f- is 
(NeupoBen~-i&*f ) 



(Roferon-A-jSj^t) 



KDNA 



fc-*-*. f&*tti2fcfc^T#^£^£ft 

5. 

[0 0 9 3] HJfe#| 7 

«/h^^£fflt£oTig/&£ft5 0 

/va — * w</v£fr t ii t* 5 r t < jgiE v^/w^ffiT 
£ 3 © fci&g * wVKaftiJW £ iifiSc-r 5 fc * t fi , 1 
BteMBfcih^/Va— ^l^vfc^* y y^'LT, 

ft§„ ^=^y y?<DMSi<D±.^t%m<DMmiz.<Dm 
&mmffi&&Kmk-tz itt-Jbs. 07 (c&u^ft/c 

[0 0 9 4] Jk^^/V^— ^^KOliftt- 9 v > 
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1 Title cf Invention 

APPARATUS FOR AUTOMATIC ADMINISTRATION 
OF MULTIPLE DOSES OF DRUGS 

3 Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

5 This is a continuation-in-part of U.S. Application SerjalNo. 08/797,296 filed 

February 7. 1997 now pending. 



1. Field of the Invention 

The present invention relates to an apparatus for automatic administration of 
10 multiple doses of drugs. More particularly, the present invention relates to an 

apparatus comprising electromechanical mechanisms and micromaenkes for 
automatic administration of multiple dOses of drugs and drug formulations to humans 
and animals in which the apparatus delivers the drugs in a pulsaiile fashion with any 
desired combination of individual dose amount and liming sequence. 

15 

2. State of the Art 

ft is wel known in the fields of animal husbandry and veterinary medicine that 
it is usually desirable and often necessary to treat fcrm animals with drugs for 
parasites. The parasites of concern will often vary depending on the farm animal 

2 0 concerned and may include both ectoparasites and endoparasites. To eliminate or 

control these parasites, farm aniinals are often sprayed with or fed parasiticides, 
injected with these drugs or sprayed with drugs which act as parasite, repellents. To 
accomplish such control of the parasites, the farm animals typically must be rounded 
up and placed in a holding area so that each animal may be properly dosed with the 

25 drug(s). Once treated, the animal is released until the next dosing is required 

Unfortunately, rounding up the animals each month, etc., is time consuming 
and expensive. The animal must be located and then brought to a suitable location 
■ for administration of the drug. Because of the time and expense involved with such 
round-ups, the farmer is forced imo a compromise of overdosing the animal with a 

30 very large dose of the drug to prolong the period during which the drug is present at 

levels which meet or exceed the minimum effective level, thereby decrease the 
frequency with which the drugs must be administered, or accepting the expense of 
frequent round-ups to repetitively dose the animals. For example, a topically applied 
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drug may have an efficacy threshold which relates to a 750 milligram dose of a given 
medication. However, to extend the period between dosing, a significantly larger 
dose is typically used. In FIG. 1, there is shown a curve indicating a normal, 
exponentially declining (i.e., first-order) efficacy curve where the drug is provided by 
prior art diffusion devices, such as ear tags, at a very high initial dose in order to 
maintain drug levels above the efficacy threshold for a prolonged period. 

Referringto FIG. 1 , the initially high drug level 1 0 that is available early in the 
treatment period is typically much higher than the efficacy threshold 20. In the 
present example, the initially high drug level 10, is 3,750 milligrams, a drug level that 
would require a dose which is at least four to five times higher than the efficacy 
threshold for the drug used. Such doses create several problems and negatively 
impact the animal by causing host toxicity, decreased weight gains, and loss of 
income to the animal handlers/owners. 

An additional problem with the initial high dose is that high levels of the drug 
may still be present should the farmer desire to slaughter the animal within the time 
period correlated with the upper portion, indicated at 30, of the first-order declining 
kinetic curve. The high, persistent drug levels can limit the farmer's marketing 
response and potentially lead to adverse reactions in consumers. 

In the FIG. 1 example, the drug, assumed to be a parasiticide for discussion 
purposes, which has been diffused onto/mto the animal remains above the efficacy 
threshold for approximately 90 days. Once the amount of drug present falls below 
the efficacy threshold, the drug is present in insufficient amounts to adequately kill 
the targeted parasites. However, it is well known that the prolonged presence of 
subtherapeutic levels of a drug gives rise to the development of resistance to the drag 
within the targeted parasites. In a resistant parasite population, the efficacy threshold 
is shitted upward substantially. Therefore, due to use of prior art diffusion controlled 
! dosage forms, numerous previously beneficial antibiotics and parasiticides are now 
of limited effectiveness because the target microbes and parasites have developed 
sufficient resistance to the drug to withstand even very high dosages that the host 
animal cannot tolerate. Drugs that are not biocides also are negatively impacted by 
this type of dosing pattern as manifested by enzyme down regulation and the clinical 
development of tachyphylaxis. 
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There have been numerous attempts to overcome these concerns. For 
example, it has been proposed to implant in ferm animals devices which provide for 
the release of drugs a1 a time other than implantation. Examples of such devices are 
included in the U.S. Patent Nos. 4,564,363, 4,326,522, 4,425,117, 4,439,197, 
3,840,009, 4,312,347 and 4,457,752. Unfortunately, these devices tend to be 
expensive to use, typically they allow only for a one time (continuous) discharge of 
a single drug, and are otherwise disadvantageous. Thus, there is a need for an 
apparatus for administering drags which overcomes the disadvantages of the prior 
art. 



SUMMARY OF THE INVENTION 
It is an object of the present invention to provide an apparatus for dosing 
ariirrials/hurnans which delivers drugs in a pulsatile fashion with any desired 
combination of individual doses amounts and timing sequences. 
1 5 h is another object of the present invention is to provide an apparatus that 

provides electronic control over drug delivery, rather than depending on the chemical 
attributes of the drug being delivered. 

It is yet another object of the present invention is to provide an apparatus that 
operates independently of the drug being aclrninistered. 
20 It is still another object of the present invention to provide an apparatus that 

is relatively small, rugged, and sufficiently inexpensive to be disposable. 

Another object of the present invention is to provide such an apparatus in 
which each dose delivered is a substantially precise dose. 

Still another object of the present invention is to provide such an apparatus 
25 in which the doses are released at substantially precise time intervals. 

Yet another object of the present invention is to provide such an apparatus 
in which the total dose delivered per unit time (e.g., hour, day, week, month, etc.) are 
determined by the number of pulses released by the apparatus. 

Additional objects of the invention include the use of devices which may be 
30 used topically, nominally or implanted, and which may be used in both human and 

animal applications. 
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The above and other objects not specifically enumerated are realized in 
specific illustrated embodiments of an apparatus for automatic repetitive dosing of 
a single drug or dosing of two or more drugs that comprises an electromechanical 
microdelivery system which has at feast one container for holding at least one drug 
to be dosed and which is attached to, implanted in, or orally administered to the 
animal/human. The electromechanical microdelivery system is programmed to 
release an initial dose of the drug to the recipient. The initial dose is then followed 
by periodic doses of the drug or drugs to achieve the desired treatment of the 
recipient. 

The cicctromechanical microdelivery system preferable includes one or more 
dose metering cavities that are precision macHihed or molded components of the 
device to provide a precise dose of the dTug or drugs being administered. Thus, 
when the pulse or pulses of the drug or drugs are administered, a substantially precise 
dose of each drug is administered. 

In addition to providing substantially precise doses of the drug or drugs being 
administered, the apparatus of the present invention employs a microprocessor or 
application specific integrated circuit (ASIC) to release the drug or drugs into the 
patient at substantially precise times. The timing pattern for release of the individual 
pulses is thus controlled by the ASIC in which timing precision is determined by a 
quartz oscillator. Thus, the dosing regimen, regardless of complexity, can be 
substantially matched to the therapeutic need. 

In accordance with one aspect of the invention, the electromechanical 
microdelivery system administers a first dose to the recipient and the amount of drug 
is allowed to diminish in, for example, a first-order kinetic decline. Of course, those 
skilled in the art will appreciate that the present invention applies equally well to any 
type of decreasing drug concentration. Before the drug is allowed to pass below the 
known efficacy threshold for the drug, the electromechanical microdelivery system 
releases another dose of the drug or an initial dose of another drug sufficient to bring 
the amount of the at least one of the drugs in/on the recipient above the efficacy 
threshold for that drug. In a situation where a first and a second drug arc being 
dosed, the dosing of the first and second drugs are cycled to achieve a desired 
efficacy by always maintaining at least one of the drugs above the efficacy threshold 



5 

for that drug. This repetitive dosing approach maintains high-level efficacy with a 
minimum drug exposure for the host animal and the environment. For example, the 
first and second drugs may be administered shortly before the other drug drops below 
the efficacy threshold, or several doses of the first drug may be provided with an 
5 occasional dose of the second drug, or several doses only of the first drug may be 

provided. 

In accordance with another aspect of the present invention, the 
electromechanical miciodelivery system delivers first and second drugs b such a 
manner that each drug remains present in the body in amounts above the efficacy 

1 o threshold, or, the two drugs may be alternated to ensure that at least one of The drugs 

is always well above the efficacy threshold without introducing excessive amounts 
of either drug into the ariimal. 

In accordance with yet another aspect of the present invention, the 
electromechanical micTodelivery system could be used to supply a plurality of 

15 different drugs with any desired sequence and timing during a designated period. 

Thus, for example, antibiotics or parasiticides could be delivered monthly as 
described above and other drugs, such as hormones which stimulate animal growth, 
could also be provided. The use of the electromechanical microdctivery system 
allows a farmer to provide all of the medication needs for an animal for a prolonged 

20 period of time with a single adrninistration of the programmed electromechanical 

microdelivery system Such a device can save considerable amounts of time and 
money by avoiding repetitive handling of the animals, avoiding doses which may 
induce toxicity in the host, and maximizing efficacy with rnixumal drug doses. 

In accordance with still another aspect of the present invention, the 

2 5 electromechanical microdelivery system may deliver an amount of drug during each 

dose correlated with the amount of drug required to address particularly high or low 
. : disease patterns. Thus, for example, the amount of drug provided by a dose may be 
increased or subsequent doses may be delivered more frequently during periods, such 
as spring or summer, when parasitic infestations may be particularly common, and 
30 decreased to a level slightly above the efficacy threshold during fell and winter or 

other periods when parasite infestations are not as common. 
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In accordance with still yet another aspect of the invention, the 
electromechanical microdelivery system automatically doses a plurality of different 
drugs for humans/animals, each at different times. For example, concerns may be 
present about the use of two drugs because of their proclivity to interact and produce 
undesirable side effects. With the apparatus of the present invention, the 
electromechanical microdelivery system may deliver a first drug that is allowed to fall 
below levels at which it is likely to interact with the second drug. The second drug 
may then be administered and allowed to fell to a sufficiently low level before the first 
drug is reintroduced. Thus, medical personnel can ensure that a patient has his or her 
medication adininistered at appropriate times without requiring the medical personne 1 
to be present each time one of the drugs is administered. Accurate, precise delivery 
of complex dosing regimens is thus achieved in an unattended and automatic fashion, 
eliminating patient compliance and practitioner administration errors from the overall 
therapeutic outcome. 

Still another aspect of the invention includes introducing the initial dose of a 
drug and allowing the drug to diminish, for example, in a first-order kinetic decline. 
Before the drug is allowed to pass below the efficacy threshold which has been 
established, the electromechanical microdelivery system releases a second dose of the 
drug to maintain the amount of the drug in the patient above the efficacy threshold 
for the drug. 

The electromechanical microdelivery system is sufficiently small that it may 
be administered either topically, Riminaliy, or it may be implanted. Tf necessary, the 
dosages provided by the electromechanical microdelivery system may be maintained 
within a single compartment for each dose, or larger doses may be achieved by using 
two or more compartments. 

Still yet another aspect of the present invention is employing an 
electromechanical microdelivery system to mix two or more drugs within a 
compartment or during application to achieve a desired balance of the two drugs 
which is available to the patient. The two drugs disposed in a single compartment 
may be selected to synergistically interact with each other, or may be simply selected 
on the basis that dosing of the two drugs is desirable at approximately the same time. 
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When dispensed from separate compartments, the drugs will typically interact in a 
symbiotic manner to further improve the efficacy of the drugs. 

4 Brief Description of Drawings 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 The above and other objects, features and advantages of the invention will 

become apparent from a consideration of the following detailed description presented 
in connection with the accompanying drawings in which: 

FIG. 1 shows a graph demonstrating a first-order kinetic decline of drug 
levels in/on an animal when the drug is delivered by a device that releases drug by the 
1 0 conventional diffusion method; 

FTG. 2 shows a perspective view of an electromechanical microdelivery 
system in accordance with the present invention; 

FIG. 2A shows a fragmented, side cross-sectional view of the 
electromechanical microdelivery system of FIG. 2; 
15 FIG. 3 shows an isometric, exploded, partially cutaway view of an alternate 

embodiment of an electromechanical microdelivery system in accordance with the 
present invention; 

FIG. 4 shows a graph demonstrating a method of repetitive, alternating 
dosing that may be practiced with the apparatus in accordance with the present 

2 0 invention, along with a first-order kinetic decline for the delivery of each dose; 

FIG. 4A shows a flow chart of the process used for implementing the dosing 
method demonstrated by the graph of FIG. 4; 

FIG. 5 shows a graph of another dosing procedure that may be practiced 
with the apparatus of the present invenrion; 
25 FIG. 5A shows another graph of a dosing procedure that may be practiced 

with the apparatus of the present invention; 

FIG. 6 shows a graph of yet another dosing procedure that may be practiced 
with the apparatus of the present invention; and 

FIG. 7 is a perspective view of another electromechanical microdelivery 

3 0 system in accordance with the present invention. 
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DETAILED DESCRIPTION 

Reference will now be made to the drawings in which the various aspects of 
the present invention wiJl be described so as to enable one skilled in the art to make 
and use the invention. It is to be understood that the following description is only 
exemplary of the principles of the present invention, and should not be viewed as 
narrowing the pending claims. 

Referring to FIGs. 2 and 2A, there is shown an electromechanical 
microdelivery system, generally indicated at 1 00, which may be used to practice the 
teachings of the present invention. The electromechanical microdelivery system 1 00 
includes a housing 1 04 having a plurality of compartments 1 08 formed therein. Each 
of the compartments 108 has an open upper end 108a, over which a rupturable or 
removable cap 1 12 is placed. The caps 1 12 may be attached to the housing 104 so 
that one or two sides rupture when desired, or a plurality of score lines 1 16 can be 
made so that the cap 1 12 opens when forcefully contacted by medication disposed 
therein. 

As shown in FIG. 2, the compartments 1 08 are arranged in rows to achieve 
maximum dosing volume in a minimum space. Positioned at one end of the two rows 
of compartments 108 is a utility compartment 120. The utility compartment 120 is 
used to house a battery 124, a microprocessor 128, such as an application specific 
integrated circuit (ASIC), and a timing circuit 132. The timing circuit 132 is 
preferably comprised of a quartz oscillator. A receiver and antenna 1 36 may also be 
provided. The battery 124, the microprocessor 128, the timing circuit 132, and the 
receiver/antenna 136 (if provided) are mounted on a substrate 140 which forms a 
floor of the utility compartment 120 and the other compartments 108. 

Disposed in each compartment 108 is a drug containment sack 1 50 shown in 
FIG. 2A. The drug containment sack 150 has an upper opening 154 and a void 158 
disposed within the sack 150 for holding medication. The upper opening 154 of each 
drug containment sack 1 50 is attached adjacent the opening 1 08a of a corresponding 
compartment. The drug containment sacks are provided foT holding a drug dose to 
be delivered to an animal to which the drug delivery system is administered. The 
drug dose may be formulated as solids such as tablets, powders and granules, 



semisolids such as ointments and creams, or even solutions, suspensions, and 
emulsions. 

The drag containment sacks will typically be made of material which is 
flexible and chemically inert. The exact material used to form the sack may vary 
depending on the drug to be a<iministered. Several likely materials are set forth in 
U.S. Patent No. 5,167,625, which is expressly incorporated herein. 

Disposed at the bottom of each compartment 1 08 on the substrate floor 140 
is a pyrotechnic gas generating element, typically a bead of material 162 which is 
responsive to heat resulting from an electrical signal applied to a heating clement, 
thereby igniting and producing gas that fills and pressurizes the corresponding 
compartment. Alternatively, a non-toxic foammay be produced by an ignition 
material to similarly fill a corresponding compartment 1 08. As a compartment 1 08 
fills with gas, the gas forces the corresponding drug containment sack 1 50 upwardly 
and the sack, in turn, forces the drug formulation contained therein against the cover 
1 12 which ruptures and allows the drug formulation to be expelled as the sack everts. 
Sack 1 50b of FIG. 2A is shown fully everted from compartment 1 08b which ensures 
that all drug formulation initially contained in the sack, i.e. a dose, is adrnmistered to 
the patient. 

The pyrotechnic gas generating material 162 might illustratively be a 
composition of nitrocellulose, nitroglycerine, hydrazine, or polyvinyl nitrate. 
Although not shown, a second or more pyrotechnic gas generating beads might also 
be included in each compartment to be activated after the first bead has been 
activated to thereby better ensure the complete release of drug formulation from each 
compartment. 

The microprocessor 128 (FIG. 2) receives asignal from the timing circuit 132 
and compares that signal to a dosing regimen that may be programmed into the 
timing circuit with firmware and/or software. The microprocessor 128 then 
selectively connects the battery 124 to the pyrotechnic gas generating beads 362 in 
some preferred order (to activate the beads) and with subsequent activation of 
different beads predetermined by the programmed dosing regimen, to thereby 
discharge and administer doses of drug formulation to the patient (animal or human) 
over a period of time. 



The microprocessor 128 operates in such a manner as to selectively and 
sequentially connect the battery 124 by way of electrical conductors 166 to the 
pyrotechnic gas generating beads 162. While shown as being disposed underneath 
the substrate 140, the conductors can also be disposed in or on top of the substrate. 
Thus, the microprocessor 128 is able to selectively trigger the release of numerous 
doses of therapeutic drugs over a prolonged period of time. For example, half of the 
compartments 108 could be filled with a first insecticide and the other half filled with 
a second insecticide. The microprocessor 128 could be programmed to activate 
release from a compartment having the first insecticide, and then activate release from 
a compartment containing the second insecticide after some predetermined delay. If 
necessary, a dose could be provided by the actimtion of two or more compartments. 

In such a manner, a single administration of the electromechanical 
microdelivery system 100 can deliver a series of medication doses over a prolonged 
period of time. For example, if a parasiticide were released monthly, a single 
administration of the electromechanical microdelivery system 100 would enable 
treatment of an animal for eight full months. Prior to the present invention, farmers 
would typically either round up their animals monthly to administer the medication, 
or would use a diffusion device which results in initially dangerously high drug 
exposures, followed by a prolonged period of sub-therapeutic levels as the drug 
diffusion device is depleted. Additionally, diffusion controlled devices are often 
problematic because the chemical structure and reactivity of the drug to be delivered 
can significantly impact the delivery curve. 

The present invention offers the advantages of periodic administration of the 
drugs from a one time administration of the dosage form. The chemical structure of 
the drugs will have no effect on dosing because the microdelivery device 100 does 
not rely on drug diffusion or other drug-associated physicochemical phenomena to 
control the drug release pattern. Thus, considerable product development cost 
savings are achieved, in addition to improved drug efficacy. 

StUJ another advantage of the apparatus of the present invention is that the 
user can control when the electromechanical microdelivery system 100 begins to 
administer the initial dose. A transmitter 170 can be provided to remotely transmit 
signals to the receiver and antenna 136. Signals from the transmitter 1 70 activate the 



microprocessor 128, thereby allowing the timing circuit to cause the drugs to be 
administered in a manner desired by the user. Thus, for example, a rancher could 
administer two electromechanical rnicrodelivery systems to each of his cattle, each 
of the electromechanical microdelivery systems containing a six-month supply of 
antibiotics. One of the electromechanical microdelivery systems would be activated 
to begin release of the antibiotics shortly after implantation. The other 
electromechanical microdelivery system 1 00 could be activated approximately six 
months later by the transmitter 170. Thus, the rancher could reap the benefits of a 
one-year dosing regimen of antibiotics from a single adrninistration of the dosage 
form. Likewise, an initial dose of a vaccine could be disposed in one 
electromechanical microdelivery system activated shortly after implantation with 
another electromechanical microdelivery system containing a booster for the vaccine 
activated ar some later point in time when such a booster is desired or necessary. 
Annual adrninistration of medication would save large amounts of time and money, 
by reducing animal handling and increasing the efficacy of the drugs. The apparatus 
also provides a prolonged treatment period that can markedly exceed the duration of 
traditional diffusion devices, while eliminating concerns of host toxicity, 
subtherapeutic drug levels, development of paiasite resistance, and tachyphylaxis. 

The electromechanical microdelivery system can be formed into numerous 
different embodiments. For example, in FIG. 3 there is shown an electromechanical 
microdelivery system, generally indicated as 200, having an elongate tubular housing 
204. Formed in the housing is a central compartment or vesicle 208, and a plurality 
of other vesicles 212 disposed in a circle about the central vesicle as shown. The 
vesicles 208 and 212 extend along a substantial length of the housing 204 generally 
in parallel with one another and include openings at the upper end 204a of the 
housing. A cover 216 with a plurality of rupturable portions 216a is disposed over 
the upper end 204a of the housing 204 to cover the openings of the vesicles, but to 
also rupture and allow discharge of the contents of a vesicle when adequate pressure 
is supplied to the cover from inside the vesicle. Although the vesicles 212 are shown 
to be generally the same size, different size and sliape vesicles could be provided to 
allow for delivery of different amounts of a drug. 
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The housing 204 also includes a bottom compartment 220 in which are 
disposed a battery 224, a microprocessor 228, such as an ASIC, and a timing circuit 
232. The compartment 220 is separated fiom the vesicles 208 and 212 by a floor or 
substrate 236 in which are located a plurality of pyrotechnic gas generating beads 
240. The circuit components 224, 228 and 232 selectively ignite the pyrotechnic gas 
generating beads240 based on a preprogrammed dosing regimen in the same manner 
as discussed for the embodiment of FIG. 2. 

Disposed in each vesicle 208 and 212 near the bottom thereof are pistons or 
plungers 244. The side surfaces of the plungers 244 are shaped to conform to and 
snugly fit within the side walls ofthe corresponding vesicles so that as a plunger is 
forced upwardly in a vesicle by gas pressure, it pushes out of the housing a drug 
formulation contained in the vesicle. The plungers 244 are forced upwardly in the 
corresponding vesicles by the activation of the pyrotechnic gas generating beads (or 
other geometric shapes} 240. Of course, the plungers 244 need not be used, as the 
drug formulation can be forced out the vesicle 208 by the gas itself. 

Advantageously, the plungers244 are made ofpolyurethane, synthetic rubber, 
silicone greases, petrolatum, paraffin, bees wax or other material which will allow for 
a slidably tight fit within the vesicles. The housing 204 could illustratively be made 
of rigid molded polymers (polycarbonate, ABS, polyesters, or other nonelastomeric 
thermoplastics or thermosets) or formed metals. 

The electromechanical microdeiivery system 200 is advantageous in that the 
large number o f vesicles 208 and 212 can hold numerous doses of the medications 
to be administered. For example, if alternating dosages are desired on a monthly 
basis, the electromechanical microdeiivery system 200 could provide drugs for more 
than a yeay withoul the need for implanting or otherwise administering additional 
dosage forms. 

Other electromechanical microdeiivery systems may also be employed to 
administer drugs in a manner in accordance with the method of the present invention. 
For example, the volumetric pump described in U.S. Patent 5,603,354 to Jacobsen 
et al., assigned to the assignee of the present invention, and herein incorporated by 
this reference, may be utilized. Likewise, the pressure-driven attachable topical fluid 
delivery system disclosed in U.S. Patent 5,61 8,269 and the piston-actuated attachable 



-30- 



13 



topical fluid delivery system described in U.S. Application No. 08/434,463 both to 
Jacobsenetal. may be employed to deliver the drug( S ) in accordance with thepresent 
invention. 

Referring now to FIG. 4, there is shown a graph demonstrating a method of 
dosing that may be employed in accordance with the principles of the present 
invention, along with a first-order kinetic decline after delivery of each dose. For 
illustration purposes, the amount of drug available on an ear tag device configuration 
that is available to kill flies is graphed. 

An initial dose 300 of a first drug, represented by solid line 304, is provided 
to kill flies. While referred herein as an ear tag which is clamped to an animal's ear, 
those skilled in the an will appreciate that the devices could be implanted, placed in 
the stomach of the animal, or placed in other areas. Additionally, the reference to a 
first drug should not be viewed as to limit the contents of a compartment of the 
microdelivery device, as two or more drugs could be disposed in a compartment of 
the microdelivery device for simultaneous administration. 

As shown in FIG. 4, the initial dose is about 1400 miliigrams. However, 
those skilled in the art will appreciate that the amount provided will depend both on 
the drug used, the type and size of the animal, and the disease. For illustration 
purposes, treatment of a parasitic fly infestation will be discussed, as those skilled in 
the art will be familiar with numerous parasiticides which may be used for such a 
purpose. After approximately 30 days, the levels of the first parasiticide 304 drop to 
near the efficacy threshold 308. Rather than providing additional quantities of the 
first drug 304, the electromechanical microdelivery system (FIG. 2 or FiG. 3) is 
programmed to activate expulsion of a second drug 310 from a compartment or 
vesicle to provide the dosage indicated at 312. As shown in FIG. 4, 1400 miliigrams 
of the second drug are provided to kill any parasites which have not been killed by 
the first drug 304. 

As the second drug 3 1 0 falls toward the efficacy threshold 308, a sufficient 
quantity of the first drug 304 is again provided by the electromechanical 
microdelivery system to bring the levels of the first drug 304 back up to ]400 
milligrams. The amount of the first drug 304 necessary to reach the target dose is 
less than needed for the initial dose because of the residue first drug from the first 
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dose. Thus, the second and subsequent dosings of either drug can typically be in 
smaller quantities, or delayed a sufficient period of time to prevent drug build up to 
levels which risk host toxicity. As shown in FIG. 4, approximately 900 milligrams 
is used for each dose after the initial dose for each drug. 

By cycling the drugs in the manner described, considerable advantages are 
achieved. Of primary importance is that the cycling prevents the development of 
resistance to the parasiticide in the targeted parasite. There is always at least one of 
the drugs which is sufficiently above the efficacy threshold to eliminate the parasitic 
infestation. The two cycling drugs prevent multigenerational parasite turnover in the 
presenceofsubtherapeutic drug levels which is typically associated with development 
of resistance to drugs. Thus, resistance is substantially eliminated. 

An additional advantage of the cycling is that the repetitive replenishment of 
drug keeps the total drug exposure for the host to a minimum. As shown in FIG. 4, 
one device administration has provided effective treatment of the animal for 
approximately five months. To achieve a similar treatment pattern with conventional 
dosage forms such as prior art diffusion devices would require the fanner, rancher, 
etc., to round up and treat the animal with the first or second drugs during each of 
the five months or periodically reapply diffusion-type devices. When dealing with 
large numbers of animals, the time and expense involved with such procedures is 
prohibitive. 

FIG. 4A shows a flow chart of the process used for implementing the dosing 
method demonstrated by the graph ofFIG. 4. The initial step 320 is accomplished 
by administering the device to the animal. The device may be attached to a collar, ear 
tag or similar device to provide topical treatments, or may be conveniently implanted, 
such as in an animal's ear or orally administered for retention in the rumen of 
ruminant animals, to provide the drugs into the blood stream. 

The second step 324 is accomplished by providing an initial dose of the first 
drug in a sufficient quantity to surpass the efficacy threshold for the drug. This is 
followed by the third step 328 of providing an initial dose of the second drug while 
the level of the first drug is above the efficacy threshold. 

The fourth step 334 is performed by supplying a second dose of the first drug 
while the amount of the second drug in the animal remains above the efficacy 
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threshold for the second drug. Those skilled in the art will appreciate that the 
efficacy thresholds for the first and second drugs will often be different. However, 
for ease of reference, the efficacy thresholds for the two drugs are shown to be the 



same. 



As indicated at 336, the dosing pattern can continue for a predetermined 
period of time, such as for 6 months. The actual time during which the 
electromechanical microdelivery system will typrcaliy be used depends on the parasite 
infestation patterns and the amount of the first and second drugs which may be held 
in the electromechanical microdelivery system. 

While the graph of FIG. 4 shows the first and second drugs alternately 
felling below their efficacy thresholds, those skilled in the art will appreciate that a 
desirable dosing pattern is to keep both drugs above their efficacy thresholds for the 
entire period of treatment. Thus, instead of alternating the first and second drugs on 
a monthly basis, dosing may occur on a biweekly basis or a larger dose may be 
supplied. Such a dose, however, will be well below the potentially dangerous doses 
which attend administration of diffusion-type devices. 

While more compartments are used if biweekly dosing is selected, the overall 
quantity of each drug used is relatively similar because the second and subsequent 
dose of each drug will need to be substantially less to bring the drug level to that 
shown at the top of each first-order kinetic curve. 
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EXAMPLE 1 

In accordance with the graph and flow chart of FIGs, 4 and 4A, permethrin 
and chlorpyrifos insecticides are disposed in the electromechanical microdelivery 
system 100, of FIGs. 2 and 2A and attached as an ear tag onto the ear of an animal 
for control of ectoparasites such as bom flies. The insecticides are formulated in 
combination with solvents, polymers and other additives as necessary to retard 
depletion of an expelled dose over a one-month period. A first dose of permethrin 
is supplied in sufficient quantity to raise the amount of available permethrin above the 
efficacy threshold. App[ying a first-order kinetic depletion curve to the amount of 
permethrin that is available, the permethrin is formulated to stay above the efficacy 
threshold for one month. Similarly, the electromechanical microdelivery system 1 00 
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is programmed to release a sufficient quantity of chloipyrifos to bring the level of the 
drug above the efficacy threshold for chlorpyrifos and maintain a level above the 
efficacy threshold for one month. The electromechanical microdelivery system 100 
actuates a compartment holding the largest dose of chlorpyrifos four weeks after the 
first dose of permethrin is released. 

Four weeks after the first dose of chlorpyrifos is released, the 
electromechanical redelivery system again actuates a compartment containing 
permethrin to release additional quantities of that drug. Because of the residual 
quantity of permethrin from the initial permethrin dose, the second permethrin dose 
will be a fraction of the first permethrin dose. According to FIG. 4, the second 
permethrin dose would be approximately 65% of the initial permethrin dose. 
Therefore, the electromechanical microdelivery system will be programmed as to 
which individual compartment to release for the first and all subsequent doses. 

By continuing to alternate doses of the first and second drugs until each of the 
eight compartments 108 has been emptied, the electromechanical microdelivery 
system 100 provides doses which prevent parasite infestations for approximately six 
months. This is accomplished with a single device administration, saving the farmer 
or rancher time and money, while allowing both drugs to be kept well below levels 
which might induce host toxicity. Additionally, tolerance development by the 
parasites is nearly eliminated because the continual replenishment and alternating of 
the pesticides precludes multigenerational parasite turnover under conditions of sub- 
lethal insecticide exposure that is required for tolerance to develop. It is important 
to recognize in accordance with the present invention that alternating, as used herein, 
may include a one to one sequence, e.g. A-B-A-B . . or some other combination! 
e.g. A-A-B-A-A-B-A-B-B .... as may be desired to most efficaciously minimize the 
threat of parasites, etc., and infestation during a predetermined period of time, while 
minimizing the risk of toxicity lo the animal. 

Referring now to FIG. 5, there is shown a graph of another dosing procedure 
that may be employed with a microdelivery device in accordance with the present 
invention. An initial first dose 400 is provided of a first drug, the level of which is 
indicated by hne 404. The initial first dose 400 of the first drug is approximately 
1400 milligrams. At such a quantity, the amount of the first drug on the animal or 
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available on a device configuration such as an ear tag, remains above the efficacy 
level 408 for approximately 60 days. 

Approximately one month after the first drug is released, an initial dose 412 
of a second drug, indicated by the dashed line 416, is released. The amount of the 
second drug 416 which is released is also 1400 milligrams and will take 
approximately 60 days to drop below the efficacy threshold for the second drug. For 
ease of reference, the efficacy threshold for the second drug is indicated as being the 
same as the efficacy threshold 208 for the first drug. Those skilled in the art will 
appreciate that the efficacy threshold for each drug used must be considered when 
determining the quantity of that drug released and the time between dosing and the 
presence of subtherapeutic levels of the drug. 

Unlike the dosbg regimen in FIG. 4, the amount of drug delivered with each 
dose is kept the same. Thus, because the level of the first drug has fallen to 500 
miuigrams, providing a second dose of 1400 milligrams, as indicated at 220, results 
in 1 900 milligrams of therapeutically available drug. Likewise, a similar increase in 
the level of the second drug is achieved by use of a full 1400 milligram dose of the 
second drug, indicated at 424. 

FIG. 5 also shows a third dose, indicated at 428, of the first drug, The third 
dose 428 is also 1400 milligrams, thereby bringing the amount of the first drug to a 
peak of slightly more than 2000 milligrams. Each of the two drugs are eliminated or 
degraded with a first-order kinetic decline, as indicated at 432 for the first drug and 
436 for the second drug. 

The dosing of the drugs so as to create an increase in the drug level in the 
animal with each subsequent dose can be used advantageously in several ways. First, 
if the goal is simplicity in manufacturing the electromechanical microdelivery system, 
the system can be manufectured with each compartment containing the first drug 
having the same quantity. Likewise, each compartment containing the second drug 
can have the same quantity. Thus, the electromechanical microdelivery system 100 
or 200 could be programmed to release the first and second drugs in an alternating 
pattern. To prevenl build-up of the first and second drugs, aR doses after the second 
dose for each drug would simply be delayed. Conversely, the system could be 
manufactured with various compartments containing different quantities of the first 



and second drugs, and the electrorrcchanical microdelivery system could be 
programed to release the compartment according to a prefilled dosing regimen, 
typically with the higher doses of each drug being administered first. In the 

alternative, the escalating quantity achieved by the dosing level as shown in FIG. 5 
can be used to improve the correlation between dosing and infestation patterns. For 
example, if a particular parasite infestation is most common during a specific month 
or period, the electromechanical microdelivery system can be programmed to release 
acompartmentcontaimngaparticulaxlyhighquantityofoneorbothd 
infestation period. Doses subsequent to the infestation period would be modified to 
return the drugs to a level desired when high-level infestation is not a concern. 

Of course, a single drug could be used in the dosing pattern. As will be 
apparent to those skilled in the art from FIG. 5, either of the drugs delivered could 
be administered periodically to keep the drug doses to a minimum while ensuring that 
the available amount of the drug remains above the efficacy threshold. In such a 
manner, the development of resistance would be greatly diminished, as the available 
amount of the drug remains above the subtherapeutic level needed for resistance to 
develop. 

Referring now to FIG. 5A, there is shown a graph representing the use of a 
microdelivery device such as those shown in FJGs. 2 through 3. The device is used 
to selectively control the therapeutically available amount of each drug to correlate 
the same to an infestation period, indicated at 504. An initial dose 508 of a first drug, 
indicated by the solid line 512 is 1400 milligrams and the efficacy threshold 514 for 
the first drug is 700 milUgrams. Thus, the first drug 508 falls to the efficacy threshold 
514 after approximately 30 days. 

A second drug, indicated by dashed line 5 1 6 is provided. The initial dose 520 
is 1400 milligrams and the second drug 5 1 6 has a similar efficacy threshold 514asthe 
first drug. The initial dose 520 ofthesecond drug 516 is provided approximately 15 
days after the initial dose 508 of the first drug 512. 

A second dose 524 of the first drug 5 12 is provided after thirty days. To 
achieve an available level of .400 milligrams for the first drug 5 12, the second dose 
524 is 700 milligrams. 
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On about the forty-fifth day, a second dose 528 of the second drug 516 is 
provided. The second dose 528 of the second drug 516 is also 700 milligrams, 
thereby bringing the available level of the second drug back up to approximate ly 1 400 
milligrams. 

A third dose 532 of the first drug 5 1 2 is provided on the 60th day. Because 
the 60th day is also the approximate beginning of the typical infestation period 504 
for a particular parasite, the third dose 532 of the first drug 5 12 is increased to 1400 
milligrams, the same as the initial dose 508. The third dose of the first drug 5 1 2 
achieves a level of approximately 2100 milligrams. The increase in drug level 
decreases the risk that the animal will become infested during a high-level infestation 
period. 

The second drug 5 16 is also released in a greater amount during its third dose 
536 to raise its level to approximately 2100 milligrams. The level for each of the 
drugs is raised up to approximately 2450 milligrams by providing a 1400 milligram 
fourth dose 540 and 544 for the first and second drugs, respectively. 

To return to the preinfestation drug levels, the fifth dose 550 and 554, for 
each of the drugs is spaced approximately 60 days from the fourth doses 540 and 544 
of the respective drug, it is important to note that while the first drug transiently falls 
below the efficacy threshold, the second drug remains folly therapeutic and covers 
the need. In addition, as illustrated in FIG. 5A, each drug level drops approximately 
50% every 30 days. Thus, for example, the dose 540 brings the level of the first drug 
to 2450 mg on day 80, which falls to approximately 1225 mg on day 110, and 
approximately 612 mg on day 140. The fifth dose 550 for first drug 512 is 790 
miUigrams, as is the fifth do SC 554 for the second drug 516. Any subsequent 
treatment is provided by doses of 700 mHligrams. 

Thus, it can be seen that a method for using the electromechanical 
rrucrodelivery system 100 or 200 enables the user to control dosbg patterns to 
correlate available drug levels with infestation patterns. By careful planning, the user 
is able to administer the minimum amount of the drug to maximize efficacy. This can 
be achieved either by timing the release of each compartment to achieve desired 
dosbg levels, or by adjusting the quantity of the first or second drug which is 
contained in each compartment and then actuating the delivery from the 



compartments in a predetermined pattern. When a first quantity of one of the drugs 
» delivered in the initial dose, maintaining the effective levels of the drug can either 
be done by applying a second, smaller quantity on the second and subsequent dose 
for that drug, or by providing the same dose and extending the time before the next 
delivery. Likewise, the delivered drug levels can be modulated to correspond with 
seasonal fluctuations in parasitic infestations by altering either the quantity of the 
drugs delivered and/or by changing the timing at which the drugs are delivered. 

While discussed primarily with respect to the control of parasites in animals, 
those skilled in the art will appreciate that the present invention has a variety of 
medical applications. Thus, for example, a microdelivery device 100 or 200 could 
be programmed to provide medications in patterns which maximize their efficacy 
while minimizing adverse reactions or other problems. Furthermore, because the 
microdelivery devices are implantable or attachable to the patient, the drugs may be 
delivered in the most efficacious cycling while allowing the patient relative mobility. 
Thus, the principles of the present invention are equally applicable to medical 
applications in humans as it is to parasite control in animals. 

Referring now to FIG. 6, there is shown an alternate dosing procedure that 
may be utilized by a microdelivery device in accordance with the present invention. 
Each of three drugs 604, 608 and 612 are provided to an animal. However, if two 
or more of the drugs are simultaneously present in sufficient quantities, the animal 
being treated will suffer from adverse side effects. Those skilled in the an wifl 
appreciate that the type and extent of any side effects are dependant on the amount 
of drugs provided. 

To prevent adverse side effects, the first drug 604 is supplied to the animal 
1 naniniti a ldose620. Based on the dose provided, it is known that the systemic level 
of the first drug 604 will fall to a level at which the second drug 608 may be 
introduced without side effects after time period A. Thus, the electromechanical 
microdelivery system 1 00 (FIGs. 2 and 2A) or 200 (FIG. 3) is programmed to release 
an initial dose 624 of the second drug 608 after time period A. 

Following a first-order kinetic carve, the second drug 608 falls to a 
sufficiently low level after time period B to allow introduction o f an initial dose 628 
of the third drug 6 1 2. The third drug 6 1 2 also is eliminated until a second dose 632 



of the first drug 604 may be introduced at time period C The alternate dosing of the 
first, second, and third drugs 604, 608 and 61 2 3 respectively, can be continued until 
the drug delivery is no longer needed, or until the electromechanical nucrodeiivery 
system 100 or 200 has been folly depleted. 

Yet another microdelivery device, such as the electromechanical micropump 
d, S cIosedinU.S.P a tent 5j 603 5 354a S herei n de S cribedand 1 „corporated by reference 
may be employed in accordance with the present invention. FIG. 7 illustrates a 
perspective view of a volumetric pump disclosed in U.S. Patent 5,603 354 which 
includes a generally elongate housing 774, formed with an elongate cavity there* 
The housing 774 might illustratively be formed with an exterior shell 712 made of 
metal or hard plastic, and an interior filler disposed against the shell 712, with the 
cavity formed centrally therein. The filler could similarly be metal or hard plastic. 

Disposed in one end of the housing 774 is a resilient sheet of material 720 
made, for example, of latex rubber, silicone rubber, or nitride rubber. The sheet of 
material 720 fids the end of the housing 774 to prevent communication between the 
outside of the housing and the cavity except through an aperture 724 positioned in 
Jine with the cavity. 

An inlet duct 728 isformed in die housing 774 generally adjacent to the sheet 
of material 720, to communicate with the cavity, and an outlet duct 732 is similarly 
formed in the housing to communicate with the cavity at the other end mereof 
Conduits 736 and 740 respectively couple ducts 728 and 732 to a fluid source 744 
andafluid SJ nk74 8 . Check valves 752 and 756 are disposed respectively in conduit. 
736 and 740 to allow fluid to flow from the fluid source 744 into the cavity and 
prevent the reverse flow, and to allow fluids to flow from the cavity to the fluid sink 
748 and prevent the reverse flow. The fluid source 744 could be any source of fluid 
whrch * is desired be pumped to fluid S! nk 748, such as an IV admirustration set 
wluch mcludesa bottle offluid to be administered to a patient, with the fluid source 
744 bemg the bottle and the fluid sink 748 being the patient receiving the fluid Of 
course as will be evident upon further discussion, the fluidic pump could be used in 
a variety of environments. 

An elongate shaft or plunger 760 is disposed in the aperture 724 of the sheet 
of material 720 to extend at least partially into the cavity of the housing 774. The 
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Oi S po^„„ lt ,e t } e e^"Jf lh e sWi76DisabunlIleri)ad7M Acoj| 
768 . dtsposed abon, ,ha, portion of the shaft 760 which is out* of Ihe hoiKing 
to prov.de a bias force against the pad 7M ,„ ^ fc ^ ^ 

the housing. 

A support rod 772 is mounted on the top of the housing ,74 and extends 
rorwardIy lte rrtorn,^, stopper ^ 776fesMa ^ mounttdoriii|erod772so 
to it may he sfid frrwariiy or ^ fc ^ A ^ ^ ^ 

proved in the stopper fi^er 776 to afiow fcr or ft^g lhe position of ,he 
stopper finger on the rod. Stopper Roger 776 exte^s do« y t „ . ^ ^ 

and thus the shaft 760 fiom raving out^rdiy from the house* 774 beyond the 

loea.io„offi»s,opperfi„ger.Thehumperpad7o4res te agains„helowere„dof,h= 
»Pper finger 776 to iaustrate that the bmnper p ,d 764 and sh*. 7 fio are prevented 
fiornmovhrganyfintheront^^fc^^^^,^^^ 
finger 776 , by means of the set screw 7S0 determines the stroke or excursion of 
movement of the shaft 760 within the cavity of the housing 774 

^ta-, g 7 7 4 S o,ha ta so,.„„ i cdr,Veco,e7 8S ex,e„ds,ow,rd the bumper pad 

bumper pad 764, engage i, and move tfie bumper pad era, the shaft 760 toward the 
bousa, 774„,ha, the shaft ""Ves fisher mto the ca*y of U« boosing. When the 
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In operation, when rhe shaft 760 is moved further m to the cavity any fluid 
wrtfain the cavity is forced **> lhe conduit 74Q ^ thrQugfa ^ ^ ^ ^ ^ 
the fluid sink 748. When the shaft is albwed to retract or move outwardly of the 

M 744 through the check valve 752 and into the cavity. The continued 
relocation of the shaft 760 thereby provides for pumping fluids from the fluid 
source 744 to the fluid sink 748. 



EXAMPLE 2 

In this example, the electronical microdeiivery system, such as pump 
774 .Uustrated in FIG. 7, automatically delivers a maintenance dose of 10 lo 200 
-croLters per day of the ectoparasitic.de permcthrin, formulated as a 60% w/w 
solution in methyl carbitoi or ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

The raicro,ite rs delivered p= r day are determined by the size of the animal and the 

paras.es. The maintenar.ee dose is selected to provide hi g h level parasi(e control 
wuh a minimum amount of parasificid e. On a previous* untreated animal it is 
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Son, whteh the eteromeehanical microdefivery system dispense* the programmed 
doses. 



EXAMPLE 3 

The use and application of an electromechanical microdelivery system, such 
as the electromechanical micropump illustrated in FIG. 7 as herein described and 
incorporated by reference, in the long-term, unattended topical delivery of 
parastticides for the control of both ectoparasites and endoparasites is disclosed. In 
thts preferred embodiment, the parasiticide is a combination of permethrin and 
■vermecttn dissolved in an appropriate solvent such as methyl carbitel, Dowanol or 
hexylene g.ycol. The permethrin is present at a 60% w/w concentration and the 
ivermectin at a 1% w/w concentration. The combination formubtion is dosed as 
disclosed in Example 2, hoover, the spectrum of target parasites is expanded to 
include both ectoparasites (e.g., fleas and ticks) and endoparasites such as the tissue 
stage of Dirofilaria inrmMs larvae which is ultimately responsible for lethal 
heajtwormd.sease.Althoughsomesu^^ 

also be controlled by this formulation, improved control of gastrointestinal worms 
(e-g., hookworms, roundworms, and whipworms) would be achieved by substituting 
xndbernycin oxime for the ivermectin. Due to the exquisite sensitivity of Dirofilaria 
« to the ivermectin and miibemycm classes of parasiticides, ,00% control of 
Dirofilaria i mmitis b achjeved . The electromechanical ^ 
system relieves the animal handler from fr equent manuai dosing ^ ^ ^ 
doses are given at the proper time and in the pr0pcr „ This provides for 
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frequent and repetitive doses. 

EXAMPLE 4 
b .his eaampie, fc ^ 

«. thrombi wtah ^ lead 10 plltaonaiy ^ ^ ' 
-crop^p is prog™™, to „ w M ^ of a ^ ^ ^ 6o 
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■** -e "* ^cv^^hou.. Sufficient 
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depending on tocal medic protocol fer ^ of ^ ^ ^ ^ 
reservou is Ousted, the entire assembly is discard ami a new asaembh, „ 
°"- *»*»*™f » of, given drug ddivery device is 

The automation of parenteral anticoaguta, drog ddivtty ^ ^ 
•npert. ..ectronxchuucal ^ proyide ^ pTOisfo • 

and accuracy p-n*. patients ,„ ,eave high-cos, hospha, md ^ 

home without compromising the quality of therapy. 

EXAMPLE 5 

The 1 adnunis,ra,io„ of protebaceous thrombose agon* ,ha, enzymatically 

deco m p„ S eun wm ted,hr„ mb iande mb o,,( i e., b ,oodclo l s ) ,isread U y a cco mp , is hed 
«* the etoomecnanica, micropomp. ^ dosfas „ f lhra 

oseihi thrombotic .gents ta , hc lr „ tmen[ 

thromb. or pohrona^. emboli „e listed in , he fo«o»ing , able: 
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Thrombolytic Agents 


Disease 


urokinase 


streptokinase 




coronary thrombi: 
(direct coronary artery 
infusion via catheter) 


4 mVmin 
2hrs 


10 ml stat 
- then - 
1 ml/min 
1 hr 


6 ml/min 
1 min 

- then - 

1 ml/min 
54 mins 

- then - 
0.33 ml/min 

2 hrs 


pulmonary emboli: 
(IV infusion) 


1.5 ml/miii 
10 rnins 

- then - 
0.25 ml/min 
12 hrs 


0.5 ml/min 
30 rnins 

- then - 
0.1 mVrniri 
24 to 72 hrs 


0.83 ml/min 
2 hrs 



In all cases the drug reservoir is filled with a solution of the desired thrombolytic 
agent. The electromechanical micropump then delivers the solution from the 
reservoir at programmed rates that match the specific indications within the 
table. With all of the** drugs, the required delivery rates are low and of short 
duration, yet in most cases require timed modifications as the therapeutic regimen 
progresses. Electromechanical micropumps that are preprogrammed will assure 
delivery of the correct dosing regimen for a given drug, reduce the possibilities for 
practitioner errors, and substantially accelerate aiitiation of therapy in emergency 
situations. Utilization of the electromechanical micropump also extends 
thrombolytic therapy to field situations where paramedics and other emergency 
medical personnel can reliably initiate therapy in transit to the hospital. 



EXAMPLE 6 

In this example, an electromechanical micropump or other 
electromechanical microdelivery system is employed for delivery of drugs and 
beneficial agents that require parenteral administration over a prolonged period. 
These drugs are chemically classified as proteins, peptides, oligonucleotides, and 
DNA. Examples of drugs within these chemical classes are vaccines, gene 
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therapies, and naturally occurring proteins with beneficial pharmacology that are 
produced by genetic engineering techniques. The electromechanical micropump is 



Drug 


Dosing Regimen 


epoetin alfa (EPOGEN™) 


0.5 to 0.7 ml every other day 


filgrastim (NEUPOGEN™) 


0.93 to 16.33 ml/day for 2 weeks 


interferon alfa-2a (ROFERON-A™) 


0.5 to 1 ml/day for 24 weeks 


vaccines (protein antigens) 


<50 ^I/day for 2 to 12 weeks 
(continuous or combination of pulsatile 
with continuous pattern) 


plasmid DNA encoding reporter 
genes 


programmed to maximize cellular uptake 
of each polynucleotide 



The electromechanical micropump oifers the substantia] benefit of 
programmable to achieve an optimum response from a given drug. The small 
size and weight allows patients to receive sophisticated, chronic drug 
administration while remaining ambulatory. Patients that would often require 
institutionalized care would, through the use of the electromechanical micropump, 
be permitted to return to their home, work, or any other chosen activity. 



EXAMPLE 7 

Tn example 7, precise reduction of blood glucose levels in diabetic patients 
through administration of exogenous insulin is achieved by using an 
electromechanical micropump. Such insulin administration is required to prevent 
the development of the adverse effects of the disease such as blmdness, organ 
failure, skin ulceration, and necrotic extremities requiring amputation. It is equally 
important, however, that the glucose levels are not reduced sufficiently to create a 
hypoglycemic condition that results in loss of consciousness and coma. To 
accompUsh the needed level of control, where glucose is lowered to the proper 
level with no overshoot, requires monitoring of blood glucose levels many times 
per day with concomitant adjustment in the amount of administered insulin. 
Increased frequency of monitoring and dose adjustment is directly correlated with 
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reduction in the adverse effects of the disease. The goal is to provide diabetic 
patients with glucose monitoring and insulin delivery devices that automatically 
provide continuous, feedback controlled insulin levels which in turn place the 
patient into a physiologically correct metabolic condition. An electromechanical 
micropump, such as that disclosed in FIG. 7, is a critical component in this type of 
closed-loop drug delivery system. 

Several devices are currently available that can provide continuous 
monitoring of blood glucose levels. These devices operate on the principles of 
spectrophotometry absorption or through specific glucose chemical reactions 
(most being enzymatically based^occurring in small implanted probes/sensors or 
as part of iontophoretic transdermal devices that enhance glucose transport across 
skin. These monitors all provide electrical output signals that are proportional to 
the glucose level. The electromechanical micropump is programmed to deliver 
insulin in response to the level of the output signal from the monitor. The 
electromechanical micropump plus monitor comprise a closed-loop insulin drug 
delivery system that provides continuous, glucose sensitive insulin therapy that 
closely simulates normal physiology and substantially eliminates the ill effects of 



EXAMPLE 8 

In the present example, direct infusion of chemotherapeutic agents into a 
tumors arterial blood supply provides for high drug concentrations at the target 
tissue (i.e., tumor) while reducing the drug burden and associated undesired side 
effects at non-target tissues. This approach is highly beneficial in the treatment of 
hepatic cancers (primarily carcinomas and metastatic carcinomas originating from 
non-hepatic primary tumors) which are typically unresponsive to conventional 
chemotherapeutic approaches. An electromechanical micropump, such as that 
illustrated in FIG. 7, enables tumor-direct, intraarterial infusions of 
chemotherapeutic agents. It is desirable to deliver the chemotherapeutic agent 5- 
fluorouracii (5-FU) or 5-fluoro-2-deoxyuridine (5-FUdR) as continuous 
intraanerial infusions via the hepatic artery. When compared with conventional 
systemic intravenous administrations of these drugs, the direct intraarterial route 
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improves extraction of the drug from the blood into the liver and tumor by ]0 to 
400-fold. This means that up to 99% of adrninistered drug is extracted from the 
blood, leaving a minimal amount to enter the general circulation, and thus 
resulting in a marked and clinically significant reduction in the untoward effects of 
chemotherapy. Additionally, when administered as a slow infusion that permits 
the tumor to uptake the drug, it has been noted that intratumor drug 
concentrations are 5 to 20-fold higher than drug concentrations in surrounding 
normal liver tissue which indicates a preferential targeting of drug to the tumor. 
The electromechanical micropurrip would be programmed to deliver: 



Drug 


Dosing Regimen 


5-FU 


3-30 mg/kg/day (4.2-42 ml/day) for 2 to >70 weeks 


5-FUdR 


0. 1 - 0.5 mg/kg/day for 2 to >70 weeks 



A catheter is located directly into the hepatic artery and connected to the 
electromechanical micropump. The pump is either mounted externally with a 
replaceable or refillable drag reservoir, or implanted with a refillabfe drug 
reservoir. The small size of the electromechanical micropump would present few 
restrictions to an ambulatory patient and would allow for a high quality of life 
while providing therapy on an out-patient basis. 

EXAMPLE 9 

In this example, the entries in the following table demonstrate the utility of 
an electromechanical microdeuvery system in parenteral delivery of antibiotics, 
antivirals, and antifungals. These drug agents require intravenous administration 
for periods of several days to several weeks. Many other drugs would similarly 
benefit horn the electromechanical micropump, and the entries in the table do not 
limit or restrict the types of agents that can be administered. An 
electromechanical micropump, such as the electromechanical micropump 
illustrated in FIG. 7, provides accurate dosing of these agents while allowing the 
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patient a normal range of activities and a high quality of iife, particularly full 
ambulatory mobility that permits maintenance of employment and home life. The 
pump converts what have heretofore been drug therapies that require 
administration in a medical institution (e.g., hospital, clinic, or other inpatient 
facility), at high cost and complete loss of normal lifestyle to the patient, to low 
cost therapies that minimally impact the patient's daily routine. 



Drug 


Dosing Regimen 


imipenem/cilastatin 


♦ 250 to 500 mg qid x 1 0 days 

• pump rate: 8- 1 6 ml/hr 


ceftriaxone sodium 


' 500 to 2000 mg bid (30 min infusion) x 14 d. 
* 0.4 to 1.7 ird/rnin for 30 mins. bid. x 34 d. 
NOTE: Therapy may be required for several weeks in 
some diseases {e.g., Lyme disease) 


cefoxitin sodium 


• 1 to 2 grams tid to qid. Or continuous infusion 

• 10 ml tid to 10 ml qid {30 min in&sion) 

- or 

• 30 lo 40 ml/24 hrs continuous infusion 


foscamet 


• 4 to 22 ml/hr Iv infusion for 7 to 21 days 


amphotericin B 


• 6.3 to 12.6 ml/day for 1 to 8 weeks 



In the aforementioned examples, it may be desirable to implant the 
electromechanical micropump into the body tissue of the patient or position the 
electromechanical micropump on a body part such as an extremity. For example, 
the electromechanical micropump may be attached to the patient's arm, secured in 
place by either adhesives, mechanical attachment (e.g., a flexible, adjustable arm 
band), or a combination thereof. A drug reservoir may be connected to the 
electromechanical micropump inlet port through quick-connect fittings that 
facilitate rapid change-out once the reservoir becomes depleted. Similarly, an IV 
set may be connected to the electromechanical micropump outlet port. It is noted 
that current medical practice dictates changeout of disposable components used in 
parenteral drug delivery every 1 to 3 days, although longer periods between 
change-outs have been reported. In accordance with the present invention, it is 
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desirable that all components be sufficiently inexpensive to be disposable, 

including the electromechanical micropump, if desired. Thus, the medical 

practitioner gains complete flexibility in the use of both the drug and the delivery 

device to best meet the individual needs of each patient. 
5 Those skilled in the art will appreciate that regardless of which 

electromechanical microdelivery system is used, the practitioner responsible for 

assuring that drug therapy is provided can utilize established 

pharmacokinetic/pharrmcodynarnic principles and program the devices to deliver 

an optimal dosing regimen. Relying on this information, the programmer can 
1 0 determine not only when a drug should be released, he or she can selectively 

control the selected delivery system to provide different dosing levels to select an 

optimum dosing pattern for the particular use. 

While the present invention will be desirable for a large number of 

insecticides, parasiticides and other drugs as listed in the Merck Index, the 
15 following drugs are currently viewed as being highly desirable for administration 

in accordance with the principles of the present invention which are set forth 

above: 

chlorpyrifos 

diazinon 
20 permethrin 

lambdacyhalotlirin 

fipronil 

pyrimiphos methyl 
ivermectin 
25 dorameclin 
moxidectin 

insect growth regulators 
enoxaparin sodium 
urokinase 
30 streptokinase 
TPA 

epoetin alfa 
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filgrastim 

interferon alfa-2a 

vaccines 

protein antigens 
5 plasrnid DNA encoding reporter genes 

exogenous insulin 

5-FU 

5-FUdR 

imipenem 
1 0 cUastatin 

ceftriaxone sodium 

cefoxitin sodium 

foscamet 

amphotericin B 
1 5 acyclovir 

Thus, an apparatus is disclosed for automatic dosing of one or more drugs. 

Those skilled in the art will recognize numerous modifications which can be made 
without departing from the scope and spirit of the invention. The appended claims 
20 are intended to cover the scope of the invention. 
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2. CLAIMS 

What is claimed is: 

1 - An apparatus for automatic delivery of multiple doses of at least 
one drug, comprising: 

containment means for containing at least one drug therein; 

actuation means for selectively dispensing a substantially precise dose of the at 

least one drug from the containment means; 
controller means for substantially precisely controlling the actuation means in 

accordance with a desired dosing regimen; and 
timing means for providing a timing signal io the controller means thereby 

allowing the controller'nieans to control the actuation means at a 

substantially precise time. 

2. The apparatus of claim 1, wherein said containment means 
comprises a housing having at least one compartment defined therein. 

3. The apparatus of claim 1 , wherein said containment means 
comprises a reservoir. 

4. The apparatus of claim 1 , wherein said activation means comprises 
a propellant and an ignition source. 



a pump. 



5 . The apparatus of claim f , wherein said activation means comprises 



6. The apparatus of claim 1 , wherein said controller means comprises 
an application specific integrated circuit. 

7. The apparatus of claim 6, wherein said application specific 
integrated circuit comprises a microprocessor. 
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8. The apparatus of claim 1 , wherein said timing means comprises a 
quartz oscillator. 

9. The apparatus of claim 1 , wherein said activation means further 
comprises receiving means for receiving a remote signal and for adjusting the 
dosing regimen of the controller means. 

1 0. The apparatus of claim 9, wherein said receiving means comprises 
a radio signal receiver. 



1 1 . The apparatus of claim 1 , further comprising monitoring means in 
communication with said controller means and a patient for monitoring at least 
one physiological condition of the patient and for generating data representing the 
at least one physiological condition, and wherein said controller means 
automatically adjusts the dosing regimen according to said data. 

13. The apparatus of claim 1 1, wherein said monitoring means 
comprises a blood glucose level monitoring device. 

1 4. The apparatus of claim 1, further includes a catheter in fluid 
communication with said containment means. 

15. The apparatus of claim 1, further including attachment means for 
securing the containment means, activation means, controller means, and timing 
means to a body part of the patient. 

1 6. The apparatus of 1 , further including an IV set in fluid 
communication with the containment means. 

1 7. An apparatus for automatic delivery of multiple doses of at least 
one drug, comprising: 

a drug container for containing at least one drug therein; 
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an actuator foT selectively dispensing a substantially precise dose of the at least 

one drug from the drug container; 
a microprocessor for substantially precisely controlling the actuator in accordance 

with a desired dosing regimen; and 
a timing device for providing a timing signal to the microprocessor thereby 

allowing the microprocessor to control the actuator at a substantially 

precise time. 

1 8 . The apparatus of claim 1 7, wherein said container comprises a 
plurality of compartments disposed therein, each holding at least one drug. 

19. The apparatus of claim 1 8, wherein said plurality of compartments 
contain a first quantity of the at least one drug and a plurality of the remaining 
compartments contain a second quantity of the at least one drug which is less than 
the first quantity. 

20. The apparatus of claim 1 8, wherein one of the plurality of 
compartments contains a first quantity of the at least one drug and a plurality of 
the remaining compartments contain a second quantity of the at least one drug 
which is greater than the first quantity. 

21. The apparatus of claim ] 8, wherein a plurality of the compartments 
contain different quantities of the at least one drug. 



22. The apparatus of claim 1 7, wherein said drug container is 
implantable within a patient. 
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Fig. 3 
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FIG . 4 A 



Administer micrcde livery system having compartments 
with first and second drugs to an animal either 
externally or internally, 



1 



Actuate a compartment of the microdelivery system 
to release initial dose of the first drug to the 
animal in a sufficient quantity to surpass the 
efficacy threshold for the drug. 



! Actuate a compartment of the microdelivery system 
to release an initial dose of the second drug to 
the animal while the level of the first drug is 
above the efficacy threshold . 



i 



Actuate a compartment of the microdelivery system < 
to release a second dose of the first drug while i- ' 
the amount of the second drug in the animal remains 
above the efficacy threshold for the second drug . 



Actuate the compartments of the microdelivery 
system to release additional alternating doses of 
the first and second drugs over the predetermined 
period of time, each dose of the first drug 
occurring ■ while the amount of the second drug 
remains above the efficacy threshold, and each dose 
of the second drug occurring while the amount of 
the j first drug remains above the 
threshold. 



efficacy 
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ABSTRACT OF THE DISCLOSURE 

1 Abstract The apparatus for automatic administration and dosing of one or more 
drugs comprises a microdelivery device which may be implanted in or otherwise 
administered to an animal or human. The microdelivery device is configured to 
5 have at least one compartment containing at least one drug so that a plurality of 

doses of the drug< s ) are held within the device. In accordance with the present 
invention, the microdelivery device selectively actuates a compartment to 
selectively reiease doses of the drugfr) to provide an efficacious dosing pattern. 
The microdelivery device employs a microprocessor, such as an application 
1 0 specific integrated circuit (ASIC), preprogrammed with a desired dosing regimen 

and a timing circuit, such as a quartz oscillator, in order to administer the drug(s) 
according to the dosing reeb.eTTThus, the "microdelivery device is programmable 
to effectuate the release of the drug(s) at adesired time to maintain efficacious 
levels of the drug while rrinimmng the amount of drug which must be used. 



2 Representative Drawing 
NJ o ne 



